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For: COMPOSITION AND METHOD OF USING TUMOR CELLS 



DECLARATION OF DONALD P. BRAUN. PH.D. 
UNDER 37 C.F.R.SL132 



Hon. Commissioner of 
Patents and Trademarks 
Washington, DC 20231 

Sir: 

I, Donald P. BRAUN, hereby declare and state as follows: 

1 . I am a citizen of the United States of America and am more than 2 1 years of 

age. 
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2. I presently hold the title of Administrative Director of the Medical College 
of Ohio Cancer Institute and Professor of Surgery at the Medical College of Ohio, 3120 Glendale 
Avenue, Toledo, Ohio, where I have been employed since 1999. Prior to this position, I held the 
positions of Director, Scientific Program Development and Professor of Medicine and 
Immunology/Microbiology at the Rush Cancer Institute, Rush Medical College, Chicago, Illinois. 
I hold a Ph.D. and M.S. degrees from the University of Illinois at the Medical Center, Chicago, and 
a B.S. from the University of Illinois, Urbana. I have over 25 years research experience in 
immunology, microbiology, and oncology, particularly cancer immunology. My qualifications are 
set forth more frilly on the copy of my Curriculum Vitae, attached as Exhibit A. 

3. My only connection with Avax Therapeutics, Inc. ("Avax"), is as a clinical 
researcher. I understand Avax has licensed certain patents and patent applications by Dr. David Berd 
(solely or with others) related to haptenization of tumor cells to generate an effective anti-tumor 
immunotherapy ("technology") from Thomas Jefferson University. I am not an employee or 
shareholder of Avax. 

4. I know Dr. David Berd professionally. However, we have not collaborated 
on any research. 

5. The law firm of Darby & Darby, attorneys for Applicant, has retained my 

services as an expert in connection with prosecution of these patent applications. In connection with 

these services, I attended and participated in a personal interview with the Examiner on 
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January 5, 2001. The law firm is compensating me for my services. Thus, I have no personal 
interest in Avax or the patent applications. 

6. I have read and am familiar with Berd et al., Proc AACR 1989;20:382 
(hereinafter "Berd 1989"; a copy is attached as Exhibit B). Li particular, it is my understanding that 
the claims of the above-identified application have been rejected in part because the Examiner 
believes that Berd 1989 teaches a successfiil method of inducing an antitumor response comprising 
regression of a metastatic melanoma tumor by administering cyclophosphamide prior to autologous, 
irradiated, DNP-conjugated melanoma cells in combination with BCG. 

7. In my view as one of skill in the art in this field, the Berd 1 989 abstract does 
not describe successfully treating melanoma tumors with a haptenized melanoma tumor cell 
immunotherapy vaccine. The abstract, like most of the abstracts presented at the AACR meetings, 
optimistically reports preliminary observations from a new protocol. Because the abstract omits 
certain details, and because by its own terms the results are preliminary, one of ordinary skill in the 
art would not be able to conclude from this Abstract that one could effectively treat melanoma, much 
less any other type of cancer. Nothing in the Berd 1989 abstract suggests that this approach 
addresses fundamental questions of tumor vaccination (e.g., as posed in a 1993 review on tumor 
vaccination written by myself and Jules Harris, M.D. for the Biotechnology Joumal (Volume 1 , No. 
3), entitled "Cancer-Concept to Clinic" (Exhibit C)); which type of immune response are most 
important in a host response to cancer (Exhibit C, p. 28 and Table 1); whether whole cells or extracts 
should be used (Id., pp. 28-29); whether to use adjuvants or cytokines (Id., p. 29); and whether an 
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antitumor response would lead to autoimmunity (Id.). Furthermore, with respect to whole cell 
vaccines, whether to use autologous or syngeneic cells; fresh surgical specimens or cell lines; 
irradiation; reproducibility; and other factors (Id. P. 29, Table 2). The haptenization protocol of the 
Berd 1989 Abstract not only fails to address these variables, but also raises a new issue. 
Consequently, in 1989, one of skill in the art would not have viewed Berd 1989 as establishing an 
effective protocol for cancer immunotherapy. 

8. By way of background, as described during the interview, early work on 
developing tumor vaccines in animal models yielded successes far beyond the reality for humans. 
Animals used in these models are typically immunocompetent, and the tumor cell lines (unlike 
spontaneous tumors) bear one or more strongly immunogenic antigens. Under these circumstances, 
the ability to generate an immune response cannot be viewed as particularly surprising. Unlike 
animal models, human cancer patients are typically inmiunosuppressed, whether from the tumor or 
chemotherapy. Spontaneous human txmiors are weak immunogens. Thus the trick is to determine 
how to break tolerance and elicit immunity in a human subject. In 1992, Hanna and colleagues 
proposed one route, albeit based on animal data; but their results were inconclusive (Exhibit C, p. 
30). Berd and colleagues offered another approach, pretreatment with cyclophosphamide to inhibit 
suppressor T lymphocytes (Id.) In the context of these multiple approaches, it was, in 1989, 
unknovra and unknowable whether haptenization was a viable approach to elicit immunity to 
unhaptenized melanoma cells, much less that the approach could have therapeutic potential. 
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9. In my view as one of skill in the art in this field, the Berd 1 989 abstract does 
not provide a definitive protocol. The description of the vaccine is ambiguous, stating that 10-25 
million cells are used. It does not state if these are given as a single injection or divided into multiple 
sites, nor does it specify the route of administration {e.g., intradermal, subcutaneous, or 
intramuscular). It does not specify if the injections are given in proximity to tumor sites or even 
directly into the tumor site (a location that one familiar with the literature at the time would assume 
from a reading of this abstract). It does not state how conjugation to DNP was performed or the 
extent of tumor cell substitution. It does not specify the ratio of tumor cells to BCG microorganisms. 
It also does not describe the schedule of vaccination beyond stating that vaccine or DNCB 
sensitization occurred 3 days following low dose cyclophosphamide i.v. administration. The 
statement "after 2 vaccine treatments (8 weeks)" is totally ambiguous. It is not clear if this 
represented a point 4 weeks following vaccine #2, 3 weeks following vaccine #2, 2 weeks following 
vaccine #2, or 1 week following vaccine #2. A vaccination schedule of every 55 days could apply 
to what is described as readily as any of the other schedules listed above. Haima and Peters (Cancer 
Research 1978;38:204-9, attached hereto as Exhibit D) emphasize the critical importance of dose, 
schedule, route of administration, and ratio of viable tumor cells to BCG organisms in the outcome 
of autologous tumor vaccines. The Berd 1989 abstract, however, provides none of these details, nor 
could they be deduced. Without these details, one of ordinary skill would be unable to practice the 
technology predictably, and furthermore would have little incentive to view this approach as any 
more promising than a myriad of others. 
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10. There is no indication in the protocol that patients have developed an 
immune response to unmodified cells. The opening statement of Berd 1989 indicates that a 
previous method practiced by Berd using non-haptenized tumor cells induced DTH to melanoma 
cells. But in the Berd 1989 abstract, DTH testing was done only with DNP-modified tumor cells 
or DNP-modified autologous lymphocytes following patient sensitization with topical application 
of DNCB. The positive reactions described in the Berd 1989 abstract are not surprising given the 
experience of Fujiwara (J Immunol 1980;124:863-869; attached hereto as Exhibit E), Sherman (J 
Immunol 1979;123:501-502; attached hereto as Exhibit F), and others using haptens to sensitize 
hosts against haptenized target cells. However, the vaccine protocol of the invention involving 
intradermal injection of hapten-modified autologous tumor cells, resuhs in DTH to autologous non- 
haptenized tumor cells, an event that could not have been anticipated nor expected as a result of what 
is described in the Berd 1989 abstract or fi-om what was known in the literature. 



1 1 . There is no convincing indication that the patients described in the Berd 
1989 abstract received any clinical benefit. The descriptions of inflammatory reactions, CD4 and 
CD8 infiltration, and fluid accumulation over tumor lesions is no indication of clinically significant 
tumor regression (defined by those practiced in the art as a greater than 50% reduction in tumor size 
without concomitant progression in other sites). In fact, the description of lesion changes in the 
patients would be expected at the time of its publication, since one would presume based on 
Fujiwara (Exhibit D), that the patients had been sensitized to DNCB and then injected intratumorally 
with DNP-modified tumor cells. A skilled immuno-oncologist would have presumed that the tumor 
cell vaccine, which produced the described physical changes in proximity to tumor sites after only 
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two vaccine treatments, had been administered by intratumoral injection as taught by others (while 
not practiced by the Berd protocol developed subsequent to the 1 989 Abstract). The same outcome 
would have been seen if the patients had been sensitized to BCG and then injected intratumorally 
with BCG. Thus, the description of the lesion changes in the 1989 Abstract would be impossible 
to interpret as indicative of a clinical response to a systemic vaccine. A reader would assimie that 
a clinically meaningful tumor regression, if present, would have been reported in the abstract, and 
that the absence of such a report represented uncertainty. 

12. For all of these reasons, the Berd 1989 abstract does not disclose a method 
for the successful vaccination of cancer patients using haptenized autologous tumor cells. 

13. A final basis for the above statement can be deduced from Exhibit C. As 
discussed above, this review cites the work by Hanna and Hoover (references 7-9), and the work by 
Berd et al. employing non-haptenized melanoma cells (reference 10), among a number of hopeful, 
even promising, research approaches to cancer immunotherapy. Had the Berd 1989 abstract been 
indicative of a clinically meaningful vaccine methodology, that approach would have been 
considered in the review as well. 

14. I declare that all statements made herein of my own knowledge are true, and 

that all statements made on information and belief are believed to be true. I further declare that these 

statements were made with the knowledge that willful false statements and the like so made are 

punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the United States 
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code and that such willful false statements may jeopardize the validity of the instant application or 
of any patent issued thereupon. 



Respectfully submitted, 

^^^^ 

Donald P. Braun, Ph.D. 



Enclosure: Exhibit A: Curriculum Vitae of Donald P. Braun, Ph.D. 

Exhibit B: Berd et al., Proc AACR1989;20:382 

Exhibit C: Braun and Harris, Biotechnol J 1993;1 , No. 3. 

Exhibit D: Hanna et al., Cancer Research 1978;38:204-209 

Exhibit E: Fujiwara et al., J Immunol 1980;124:863-869 

Exhibit F: Sherman, J Immunol 1979;123:501-502 



Date: 
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Exhibit A 



CURRICULUM yiTAE 
Donald P. Braun, Ph.D. 

January, 2000 

BUSINESS ADDRESS: Medical College of Ohio Cancer Institute 

Medical College of Ohio 
3120 Glendale Avenue 
Toledo, Ohio, 43614 
Phone: 419-383-6632 
Fax: 419-383-6714 
e-mail: dbraun@mco.edu 

HOME ADDRESS: 14954 Stonehaven Dr. 

Perrysburg, Ohio, 43551 

PERSONAL: Born: New York, NY; March 7, 1950 

SS # 355-44-2224 
Married: Judy Braun 
Children: Jennifer, Matthew, Bethany 

EDUCATION AND TRAINING: 

1972 University of Illinois, Urbana, IL, B.S. degree. 

1974 University of Illinois at the Medical Center, Chicago, IL, M.S. degree. 

1976 University of Illinois at the Medical Center, Chicago, IL, Ph.D. degree, 

CHRONOLOGY OF EMPLOYMENT: 

1976- 1977 Research Associate, Department of Microbiology, University of Illinois at the 

Medical Center, Chicago, IL. 

1977- 1978 Instructor, Department of Microbiology, University of Illinois at the Medical 

Center, Chicago, IL 

1978- 1979 Research Associate, Section of Medical Oncology, Rush-Presbyterian-St. Luke's 

Medical Center, Chicago, IL. 

1979- 1980 Instructor, Department of Medicine; Assistant Professor, Department of 

Immunology /Microbiology, Rush Medical College, Chicago, IL. 
1981-1983 Assistant Professor, Department of Medicine; Assistant Professor, Department of 

Inununology/ Microbiology, Rush Medical College, Chicago, IL. 
1983-1987 Associate Professor, Department of Medicine; Assistant Professor, Department of 

Immunology /Microbiology, Rush Medical College, Chicago, IL. 
1987 Associate Professor, Department of Medicine; Associate Professor, Department 

of Immunology /Microbiology, Rush Medical College, Chicago, IL. 
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1989 Associate Director, Section of Medical Oncology (for Research); Associate 

Professor, Department of Medicine; Associate Professor, Department of 
Immunology/Microbiology, Rush Medical College, Chicago, IL. 

1993-1999 Director, Scientific Program Development. Rush Cancer Institute. 

1993- 1999 Professor of Medicine and Immunology /Microbiology . 
1999-present Administrative Director of the Cancer Institute, Medical College of Ohio 
1999-present Professor, Department of Surgery, Medical College of Ohio. 

FEDERAL GOVERNMENT/PUBLIC ADVISORY COMMITTEES: 

1982-1984 Member, Experimental Therapeutics Study Section, National Cancer Institute. 
1983, 1985 Member, Small Business Innovation Grant Review Smdy Section, NCI. 
1985-1988 Member, Experimental Therapeutics I Study Section, NCI. 
1985 Chairman, Experimental Therapeutics Special Study Section, NCI. 

1985- 1992 Biological Response Modifier Committee, Illinois Cancer Council 

1986- present Reviewing Member, Arizona Disease Control Research Commission. 
1988-1989 Member, Chicago Leukemia Research Society. 

1988-1989 Member, Small Business Innovation Grant Review Smdy Section, NCI. 

1990, 1993 Ad Hoc reviewer. Experimental Therapeutics Smdy Section 1, NCI. 

1991, 1992 Ad Hoc reviewer, Inununology and Immunotherapy Study Section, American 

Cancer Society-National Division. 

1994- 1998 Member, Immunology and Immunotherapy Smdy Section, American Cancer 

Society-National Division. 
1999-present Advisory Member, "Molecular Targets for therapy of Lung Cancer", National 

Cancer Institute/CTEP. 
1999-present Advisory Member, Ohio Cancer Incidence Surveillance System 
2000 American Cancer Society Immunology and Immunotherapy Study Section, National 

Division-ad hoc review. 



CONSULTANT POSITIONS: 

Burrough's Wellcome, 1983-1984 
Pfizer Pharmaceutical, 1986-1988 
Boehringer Mannheim, 1991-1993 
Abbott Laboratories, 1993 

Institute for the Study and Treatment of Endometriosis, 1990-present 

Adeza Biomedical, 1993 

Imutec Corporation, 1993-present 

Imutec Corporation; Chairman, Medical Advisory Board, July, 1995-present. 
RxKinetic Inc.; Chairman, Medical Scientific Advisory Board. 1997-present. 
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COMPETITIVE EXTRAMURAL GRANT AWARDS: (note: as Principal Investigator or co- 
Principal Investigator only) 

1. "Cancer Drug Effects on Patient Suppressor Cells". Source: NIH/NCI # CA27598 
Period of Support: 09/01/80-03/31/87; as co-Principal Investigator. 

2. "Immune Testing in Lung CA During Specific Immunotherapy". Source: NIH/NCI # 
CA26138. Period of Support: 07/01/80-06/30/83; as co-Principal Investigator. . 

3. "A Phase I Clinical Trial of Natural and Recombinant Interleukin-2 (IL-2). 

Source: NIH/NCI # RFA No-1-CM47667-BRM-MA01. Period of Support: 09/30/84- 
03/31/87. Subcontract from the Illinois Cancer Council; as Laboratory Principal 
Investigator for Rush Component. 

4 . " Phase IB and/or Phase II Clinical Trial of Natural and Recombinant Interleukin-2 (IL-2) . 
Source: NIH/NCI # RFA No-1 CM47667-03 BRM-MA-04. Period of Support: 09/29/85- 
02/28/89. Laboratory Principal Investigator for Rush Component. 

5. "Arachidonate Metabolism in Cancer Patient Macrophages". Source: NIH/NCI # 
CA41741. Period of Support: 07/01/88-06/30/92; as Principal Investigator. 

6. "LAK Function in Tumor-Infiltrating Leukocytes of Cancer Patients" . Source: American 
Society of Clinical Oncology- 1990 Young Investigator Award to E. Staren, M.D.; as 
Mentor. 

7. "Cancer Patient Macrophage Function in Tumor Environments". Source: NIH/NCI 
#CA58922. Period of Support: 12/31/92-07/01/96 as Principal Investigator. 

8. "American Cancer Society New Investigator Grants in Cancer Research". Source: 
American Cancer Society. Period of Support: 06/31/95-07/01/97 as Principal Investigator. 

9. "Cancer Drug Modulation of Tumor Sensitivity to Macrophages". Source: NIH/NCI, 
period of support: 12/01/00-11/30/05, as Principal Investigator, status-pending. 

10. "Cyclooxygenase Metabolism in Cancer Patient Psychoneurourununology" . Source: 
American Cancer Society. Period of Support: 01/01/01-12/31/06, as Principal 
Investigator. Status-pending. 



NONCOMPETITIVE EXTRAMURAL FUNDING: (as principal or co-principal investigator) 

1. "The Effect of CGS13080, CGS14854 and CGS53913 on Arachidonic Acid Metabolites 
and Immune Status of Patients with Solid Tumors". Source: Ciba-Geigy. Period of 
Support: 10/01/87-09/30/88; as Principal Investigator. 
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2. "Phase III Protocol for Evaluation of Combined Modalities in the Treatment of Colonic 
Carcinoma with Positive Nodes, Duke's C, Surgical Resection Alone vs. Postoperative 
Immunotherapy followed by Chemotherapy". Source: Litton Institutes, Period of 
Support:06/30/88-present; as Laboratory Principal Investigator for Rush. 

3. "Immunologic Testing and Limited Feldene Administration to Patients with Upper 
Aerodigestive Tract Squamous Cancer", Source: Pfiser Laboratories, Pfiser Inc. 
Period of Support: 10/01/89-06/30/91; as Principal Investigator. 

4. "Macrophage Function in Women with Endometriosis". Source: Sterling International. 
Period of Support: 04/01/90-10/01/91; as Principal Investigator for Rush component. 

5. "Macrophage Regulation of Endometrial Cell Growth in Women with Endometriosis". 
Source: Sterling International. Period of Support: 03/01/92-10/01/93; as Principal 
Investigator for Rush component. 

6. "Mechanisms for Modulation of Macrophage Tumoricidal Function in Cancer Patients by 
Virulizin". Source: Imutec Corporation. Period of Support: 02/01/94-12/01/95; as 
Principal Investigator. 

7. "Immunological Modulation in Pancreatic Cancer Patients treated with Virulizin" . Source: 
Imutec International. Period of Support: 06/30/96-12/31/98; as Principal Investigator. 

8. "Modulation of Macrophage Cytolytic Function by Virulizin in Endometriosis". Source: 
Imutec International. Period of Support: 06/30/96-12/31/97; as Principal Investigator, 

9. "Interaction of HIP/PCA particles with leukocytes from Cancer Patients". Source: 
RxKinetix. Period of Support: 01/01/98 - 08/31/2001; as Principal Investigator. 

10. "Endothelin Regulation of Tumor Proliferation and Apoptosis in Human Intracranial 
Malignancy". Source: Abott Laboratories. Periodof Support (pending-to begin in 2000); 
as Principal Investigator. 

11. "Amelioration of TNFa effects in endometriosis by Enbrel". Source: Immunex Corp. 
Period of support: 01/01/00-06/30/01. As Laboratory Principal Investigator. 



IL 



"Hll binding to human cancer cells". Source: Novopharm Biotechnology. Period of 
Support: 05/01/00-09/01/01. As Principal Investigator. 
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HONORS: 

USPHS Immunology Trainee, 1973-1974. 
USPHA Oncology Trainee, 1974-1976, 

Milan V. Novak Award, University of Illinois, Department of Microbiology, 1977. 
Who's Who in Cancer Research, 1985 
American Men and Women in Science, 1988 

1st place award for original research, American Fertility Society, 1992. 
Chairman, Poster-Discussion Session, AACR, 1994. 

Chairman, Immunology Plenary Session, Vth International Conf. on Endometriosis, 1996. 
Chairman, Rationale for Immunotherapy in Endometriosis: VI World Congress on 
Endometriosis, Quebec City, Canada, 1998. 

ACTIVE MEMBERSHIPS: 

American Association for Cancer Research 
American Chemical Society 

American Association for the Advancement of Science 

New York Academy of Science 

Society of Biology Response Modifiers 

American Fertility Society 

American Society of Reproductive Medicine 



PUBLICATIONS: 
BOOKS EDITED: 

1. Prostaglandin Inhibitors in Cancer Immunology and Immunotherapy, eds. JE Harris, DP 
Braun and KM Anderson. CRC Press, Boca Raton, FLA, 1994. 

REVIEWS AND BOOK CHAPTERS: 

1. Dray S, and Braun DP : Some perspectives on the transfer of cell mediated immunity by 
immune RNA. Mol Cell Biochem 25: 15, 1979. 

2. Braun DP , and Harris JE: Serial immune function testing to predict clinical disease relapse 
in patients with solid tumors. Cancer Immunol Inununother 15:165, 1983. 



3. Harris JE, and Braun DP : The effect of cytotoxic drugs on immunoregulatory cell 
function in solid tumor cancer patients. Clin Immunol Newsletter 5:113-116, 1984. 
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4. Braun DP , and Harris JE: Effects of cytotoxic chemotherapy on immune function in 
cancer patients. In: Proceedings of the 3rd International Symposium of the Evaluation of 
the Immunomodifiers, 1984. 

5. Braun DP , and Harris JE: Modulation of the immune response by chemotherapy. In: The 
Modulation of Immunity. Mitchell MS (ed), Oxford: Pergamon Press, 1985. 

6. Braun DP , and Harris JE: Effects of cytotoxic chemotherapy on immune function in 
cancer patients. Cancer Treat Symp 1:19-26, 1985. 

7. Braun DP , and Harris JE: Cancer chemotherapy and its impact on the immune system. In: 
Fundamentals of Cancer Chemotherapy. Carter SK, and Hellman K (eds). New York: 
McGraw-Hill, pp 77-97, 1986. 

8. Von Roenn J, Harris JE, and Braun DP : Suppressor cell function in solid tumor cancer 
patients. J Clin Oncol 5:150-159, 1987. 

9. Dmowski WP, Braun DP and Gebel H: Endometriosis: Genetic and Immunologic 
Aspects, in: Current Concepts in Endometriosis. 2nd International Symposium on 
Endometriosis. Alan R. Liss, Inc. New York, p 99-122, 1989. 

10. Dmowski WP, Braun DP and Gebel H: The Immune System in Endometriosis, in 
Modern Approaches to Endometriosis. J. Rock ed. Kluwer Academic Publishers, p 97- 
111, 1991. 

11. Braun DP and Groenwald SL: The Immune System and Cancer, in Cancer Nursing: 
Principles and Practice, third edition. Groenwald SL and Goodman M eds. Jones and 
Bartlett, Boston, MA, pp 70-85, 1993. 

12. Harris, J.E. and Braun, D.P. : Tumor Vaccination, in Cancer: Concept to Clinic. 
Medical Publishing Enterprises. Fair Lawn, NJ; E. Borden, ed. pp. 28-31, 1993. 

13. Braun DP : The Impact of Prostaglandms on Cancer Patient Immunity, in Prostaglandin 
Inhibitors in Tumor Immunology and Immunotherapy. Harris JE, Braun DP and 
Anderson KM, eds. CRC Press, Boca Raton, Florida, pp. 109-129, 1994. 

14. Dmowski WP, Gebel HM and Braun DP . The Role of Cell-Mediated Immunity in 
Pathogenesis of Endometriosis. ActaObstet. Gynecol. Scand. Suppl. 73:7-14, 1994. 



15, Dmowski WP and Braun DP . Immunological Aspects of Endometriosis. Contemp. Rev. 
Obstet. Gynaecol. 7: 167-171, 1995. 
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16. Dmowski WP, Braun DP . and Rotman, C. Aspectos Immunologicos de la endometriosis, 
in Reproducion Humana. Remonhi, J, Simon C, Pellicer, A and Bonilla-Musoles, eds. 
McGraw Hill InterAmericana, Madrid, pp 195-204, 1996. 

17. Braun DP and Dmowski WP. Endometriosis: Abnormal Endometrium and Dysfunctional 
Immune Response. Current Opinion in Obsterics and Gynecology. 10:365-369 

1998. 

18. Dmowski WP, Gebel H, and Braun DP . Decreased Apoptosis and sensitivity to 
macrophage-mediated cytolosis of endometrial cells in endometriosis. Human 
Reproduction. In Press, 1999. 

ARTICLES: 

1. Braun DP , and Dray S: Immune RNA mediated transfer of tumor antigen 
responsiveness to unresponsive peritoneal exudate cells from tumor bearing animals. 
Cancer Res 37:4138-4144, 1977. 

2. Mortensen RF, Braun DP , and Gewurz H: Effects of C-reactive protein on lymphocyte 
function. III. Inhibition of antigen-induced lymphocyte stimulation and lymphokine 
production. Cell Immunol 28:59-68, 1977. 

3. Braun DP , Hengst J, Moykr M, and Dray S: Antitumor immunity in strain 2 guinea pigs 
immunized with KCI extracts of L2C tumor cells. J Natl Cancer Inst 60:899-903, 1978. 

4. Mokyr M, Braun DP , Usher D, Reiter H, and Dray S: The development of in vitro 
and in vivo antitumor cytotoxicity in noncytotoxic, MOPC-315, tumor cells. Cancer 
Immunol Immunother 4: 143-150, 1978. 

5. Braun DP . Mokyr M, and Dray S: Generation of anti-MOPC-315 cytotoxicity in 
uneducated or in vitro educated spleen cells from normal or MOPC-315 tumor bearing 
mice pretreated in vivo with BCG. Cancer Res 38:1626-1631, 1978. 

6. Mokyr M, Braun DP . and Dray S: Augmentation of antitumor cytotoxicity in spleen 
cells of MOPC-315 tumor bearers. In: Cancer Immunology: Experunental and 
Clinical. Crispin RG (ed), p 211, 1978. 

7. Mokyr M, Braun DP . and Dray S: Augmentation of antitumor cytotoxicity in MOPC- 
315 tumor bearer spleen cells by depletion of glass adherent cells prior to in vitro 
education. Cancer Res 39:785, 1979. 



8. 



Mokyr M, Bennett JA, Braun DP , Hengst JCD, Mitchell MS, and Dray S: Opposite 
effects of different strains or batches of the same strain of BCG on the in vitro 
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generation of syngeneic and allogeneic antitumor cytotoxicity. J Natl Cancer Inst 
64:339, 1980. 

9. Cobleigh MA, Braun DP , and Harris JE: Age dependent changes in human peripheral 
blood B cell and T cell subsets: Correlation with mitogen responsiveness. Clin 
Immunol Immunopathol 15:162, 1980. 

10. Braun DP , Cobleigh MA, and Harris JE: Selective effect of cytotoxic chemotherapy on 
mmiunoregulatory suppressor cells in solid tumor cancer patients. In: Tumor 
Progression. Crispen RG (ed), Philadelphia: Franklin Institute Press, pp 91-102, 
1980. 

11. Braun DP , Cobleigh MA, and Harris JE: Multiple concurrent immunoregulatory 
defects in cancer patients whose peripheral blood leukocytes exhibit depressed PHA 
induced lympho blastogenesis. Clin Immunol Immunopathol 17:89, 1980. 

12. Cobleigh MA, Braun DP , and Harris JE: Quantitation of lymphocytes and T cell 
subsets (Tg and Tm cells) in disseminated solid tumor cancer patients. J Natl Cancer 
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Tuaor Influaatory reiponse Induced by lanualxacloo vlch 
autologous mIahooa callt conJugac«d to dlnlCroph«nol(DRP)* 
D. Berd, H.J. KaitrAngelo, C. Crcen. C* Clark, and C, Hart. 
Thomas Jefferson Onlveraity, Philadelphia, PA 19107. 

Treatment of welanoaa patients vlth an autologous 
vaccine preceded by lov dose cyclophosphaalde (CT) 
Induces dclayed-type hyperiensltlvlty (DTU) to aelaoooa 
cells, and In som cases, regression of aetastatlc tuaors. 
Nov, ve are attevpclng to Increase the efficiency of the 
process by iMunlzing vich tuaor cells conjugated to the 
hapten, DNP. Patients vlth aetastatlc Melanowa vera 
sensitized to HHP by topical application of dlnltrochloro- 
benscne (DMCB). Tvo veeks later, they vere injected vlth 
a vaccine conaisting of 10-25x10(6) autologcua, irradiated 
nelanoma cells conjugated to DNP and mixed vlth BCG. 
CY 300 Bg/K' IV vas given 3 days before DNCB or vaccine. 
Of 4 patients evaluable so far, 3 have developed a atriking 
Inf lasanatory response in tiuaor masses after 2 vaccine 
treatments . (8 veeks). Patient #1 developed erythema and 
svelllng in the >50 large <l-3 cm) dermal metastases on 
her leg and lover abdomen, folloved by ulceration and 
drainage of necrotic material, and aome are beginning co 
regress* Biopsy shoved infiltration vlth CD4+ and CD8+ 
T lymphocytes. Pstient #2 developed erythema and svelllng 
in the skin of her lover abdomen and groin overlying large 
<8 cm) nodal masses. These have not yet regressed, but 
have changed in consistency from rock-hard to fluctuant. 
Patient #3 exhibited moderate erythema in the skin over- 
lying subcutaneous sMtastates. All 3 patients have 
developed DTE to both DNCB and to DNP-conjugated autologous 
lymphocytes. Although these results are preliminary, they 
suggest that this oev strategy may represent a significant 
advance In the iBsmano therapy of human melanoma. 
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Inhibit lorn of Tumor- Indmced Sopprusor T Lympiiocyte (Ts) 
ActlTlCy by Marine Interferom Beta (US-B). Deepak M. 
Sahasrabudhe, Dniverslty of Rochester Cancer Canter, 
Rochester, NY, U642 

In some tumor models inhibition of Ts-actlvity la a pre- 
requisite to successful inunotherapy. Based on our data 
in the DH7B model <J Exp Hed 166t*lS73, 1987) the effect 
of IFH-B on P815 mastocytoma- Induced ts-activlty vaa 
evaluated. 

In this model, concomitant antitumor immunity (Tc) peaks 
by Day 10 and is dovn regulated by Ta by Day 15. Cyto- 
toxicity generated after a mixed lymphocyte tumor culture 
(KLTC) correlates vlth in vivo ianunity and suppression of 
cytotoxicity correlates vlth in vivo Ta-actlvlty. 

Tumors vere Initiated by injecting 2 x 10^ P81S cells 
iubcutaneoualy on Day 1. IFN-B (100, lOOOtI, SOOOU) or 
buffer were injected t.v. every other day x 'i Jose* scarc- 
ing on Day 5. On Day 16, HLTC's vere set up. Five days 
later a cytotoxicity assay vas performed against SlCr 
labelled P81S cella. X specific lysis is sbo%ra. Numbers 
in parenthesis represent the dose of XFN-B. 
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Treacment vlch IFN-B SOOOU every other day x 6 doi 
abrogated Ta-activity vlthout adversely affecting 
cytotoxicity. IFN-B may be a useful adjunct In the 
Isnunochcrapy of selected tumors. 
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Anti-idlotype Bonodooal antibody immuaixatlon tUerapy ofi 
cutaneoua T cell lymphoma. Chagterjae. M., Foon. K., Saoa 
B.r., Barcoa, M. and Kojjler, H. , Koavell Park Hem. Inat ' 
Buffalo, HY U263. and UCSD, San Diego, CA 92161. ^ 

Cutaneoua T cell, lymphoaa (CTO.) la an indolent S6l 
non-Hodgkin'a lynphoma which la not cured by atandard ait 
therapiea once It reachea advanced atage. A novel approa^ 
to therapy la to uae internal iaage anti-idlotype (Id) a^Wt 
aa antigen (Ag) aubatltuta for the Induction of Inualtyiii^ 
Ue have generated anti-Id aAb (Ab2) binding to a hybrldoa*^ 
SH2 (Abl), vhlch recognlxea a uolqua glycoprotein, sp3r, srf 
expressed by a subaec of huaan leukealc T cella (J. laeamol^ 
139: 1354, 1987). At least 2 of tbeae Ab2 may indeed carryllJ 
the iDtemal laage of the gp37 Ag (J. laaunol. 141] 1398, 
1988). Recently, ve Investigated the distribution of gpiVii 
Ag by a sensitive imaunoperoxldaae atalnlng aethod using mAb' 
SN2. SN2 bad a high specificity for T-leukeaia /lymphoma ■ -iS 
cells and did not react vlth any normal adult tissues testeil 
Including chyaua, lyaphocytes, bone ma rrov cella, spleen, 
liver, kidney, lung, brain, heart, etc. CTCL ceUa from.ilA 
out of 6 patients vere atrongly positive for gp37 vlth^ 
intense surface aembrane staining. The binding of "-:i*«8E 
radiolabeled SN2 to CTCL cella vaa atudied for inhibitl^^, 
the- presence of the antl-Id mAbs 4EA2 and 4DC6 vhlch mlmieO< 
the gp37 Ag. Both clooea iahlbitad the binding lOOZ and 801 
respectively at a concentration of 50 ng. Ve alao gBaerata^ 
a Ktrina Ab3 sAb ( anti-ant l-Id) by iMsuntxing mice vlth tfama 
antl-Id aAh (Ab2). Thia Ab3 aAb react a vlth CTCL caUa tatai 
an identical fashion aa the original Abl (SN2). ... 
CoUectlvely, these data suggest that Ab2 4EA2 and 40C6 m|t ' 
be useful for active immunotherapy of CTCL patients. : Va^ya^^' 
plan to study the CTCL patients in a phase I clinical trialtfl 
to determine the ef fecta of this type of therapy on varlousn 
coaponents of the ImKine systea (both huaoral and celluUr)u 
and try to identify the criteria to aelect patients vbo aay-o 
benefit from antl-ldiotype vaccine therapy. - ^^»AltJ 
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Syngeneic murine nK>oodonaJ antiidio^pcs bearing the imcnuDf^ 
image of a human breast cancer associated antigen. L Schnutt'^ 
and VL Ozen The Dcpt of Microbiology, S.uAy. at Buffalo,;!!? 
Buffalo, NY 14214 and the Division of Medical Oncology, The ^ 
Univ. of North C:aiDlina at Chapel Hill, Chapel Hill, NC 2o99. * 

According to Jemels network theory, some antiidiotypa. ^ 
(Ab2i mmuc external antigens recognized by specific antiboaici ^ 
(Abl) and may be used in place of antigen for imnmnizaiion. The * 
murine monoclonal antibody ¥l6f71 (IgGS, a), spedOc forductal*^:: 
carcinoma antigen (DCA) was us!3 to generate syngeneic**.' 
monoclonal antiidiotypes bearing the internal image of uCAJtJ 
Female BALB/c mice were inoculated intraperitoneal^ every*' 
other week with 100 /ig of F36/22 coupled to k^ole limpet*^, 
hemocyanin; the first time in complete Freund's adjuvant aod/T 
subsequently in incomplete adjuvant Splenic lymphocytes wcre i 
fiiscd with the murine ceil line P3X63 Ag8.653 3 days after the 7^ 
fourth inununizatiotr using 50% polyethylene gh'col (r. w. irJ^V 
Two hybrids, MTX>-1 and MTO-2, were selected based on ihe*^ 
ability of culture supematants to bind 10 but not to the 

control antibody 2A31F6 (IgG3, «) in an cnryme. linked^ 
immunosorbent assay (EUSA) and doned by limiting dilution. 
Paratope spcdfidiy of Ab2 was demonstrated in two EliSA 
assays. First, the binding of labeled F36/22 to DCA was inhibited. . 
100% and 75% by 1.6 ng of MTO-2 and MTO-1 respectively.; j 
Second, the bitidmc of labeled Ab2 to Abl was inhibited by. „ 
purified DCA. MTC5-1 ndiher enhances nor inhibits the bindiiw „ 
of labeled MTO-2 to Abl althou^ in the presence of MTOa^ 
binding of labeled MTO-l is enhanced Iw 100% indicating ihat^ 
these Ab2 recoguze distinct idiotopes. Rabbits immunized bi- 
weekly with MTO-l or MTO-2 developed antibodies that bound* 
spcdflcally to DCA demonstrating that MTO-l and MTO-2 bear 
the internal image of DCA. These dau suggest that MTOl and 
MTO-2 could potentially be utilized to immunize. Jiigh. 
patients against progression or development, of DCA |>«itr'C 
tumors. 
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Tumor vaccimhon 



An autologous 
whole-cell vaccine 
has been shown 
to Induce DHR 
to the whole-cell 
component, as 
well as significant 
regression 
of metastasis 
in patients 
with metastatic 
malignant 
melanoma. 



Jules E. Hams, IV1D 
Donald R Braun, PhD 

Rush Medical College of Rush University 



Tumor vaccination is an active, specific 
immunotherapy for malignant dis- 
ease. It may be defined as "the admin- 
istration of tumor cells, modified tumor cells, 
or tumor-cell surface-membrane preparations 
to stimulate or to augment various compo- 
nents of antitumor immunity to induce tumor 
regression or to prolong tumor remission 
achieved by conventional therapy."' 

Vaccines also may be considered a type of 
biologic response-modifier therapy. The ap- 
proach is based on the belief that the host is 
capable of mounting an effective immune 
response against tumors if appropriately 
stimulated, a belief that was first advanced 
around the turn of the century.^ The concept 
of immunologic surveillance, which evolved 
some 40 to 50 years later, suggested that the 
human host was capable, under certain cir- 
cumstances, of rejecting a tumor essentially 
in the same manner as a homograft was 
rejected.^ 

The first attempt to vaccinate humans 
against cancer was undertaken in 1902.'^ In 



this initial attempt, fluid was extracted from 
tumors in patients with advanced disease.^ 
Over the next 50 years, a great variety of 
tumor cell preparations obtained from autolo- 
gous or allogeneic tumors were used, gener- 
ally to treat patients with advanced disease. 

Fresh interest in the clinical potential of 
tumor vaccination was stimulated in the 
1950s and 1960s by experimental studies 
conducted in syngeneic rodents. These dem- 
onstrated unequivocally that chemically in- 
duced and virally induced tumors had both 
shared and uniquely individual tumor- 
specific transplantation antigens (TSTAs). 

Humoral and cellular immune responses 
were shown to exist in patients with cancer; 
these were found to be directed against 
tumor-associated antigens (TAAs) rather 
than against TSTA. Also, TAAs were found 
on embryonic cells and tumor cells. The 
"unique antigens" on human tumor cells 
appear to result from tumor cell dedifferenti- 
ation for display of a partial embryonic-cell- 
membrane antigenic profile. Other TAAs 
arise as a consequence of the modification of 
normal "self antigens producing an "al- 
tered self phenotype. 

MANY UNRESOLVED CLINICAL ISSUES 

The principal human immune responses to 
tumor antigens are listed in Table 1. It has not 
been definitively established which of these 
immune responses, alone or in combination, 
are the most important in a host response to 
cancer, nor is it clear which should be tar- 
geted for stimulation with tumor vaccination. 
There are many unresolved issues pertaining 
to the actual vaccine formulation that need to 
be addressed; some of these depend on 
whether the vaccine formulation is based on 
intact tumor cells (Table 2) or tumor cell 
extracts or products (Table 3). 

In addition to vaccine formulation, several 
other questions remain: 

■ Should cellular extracts or whole cells 
be mixed with immunomodulating adjuvants 




Antitumor Immune 
Mechanisms 



• Activated macrophage cytotoxicity 

• Cytotoxic T cells yf 

• Natural killer (NK) cells 

• Lymphokine-activated killer cells 

• Humoral antibodies (complement 
dependent) 

• Antibody-dependent cellular cytotoxicity 
(complement-independent, macrophage, 
neutrophil or NK-cell-dependent) 




to increase t umor vaccine immuno^enicitv? 
r ■ Should tiimor vaccines with or without 
adjuvants be used alone or in combination 
with cytotoxic drugs that can modulate or 
suppress undesirable immune responses? 

■ Should cytokines be used to augment 
immune responses to a vaccine? 

■ Is there a place for tumor vaccination in 
patients with advanced cancer? 

■ What is the appropriate dose, schedule, 
and route of administration for effective 
tumor vaccination? 

What measurement or surrogate biologic 
end point can be used to assess the biologic 
effectiveness of the vaccine?. 

Will the immune response against TAA 
produced by a human tumor vaccine be selec- 
tive and specific for tumor cells or will 
autoimmune reactions against normal cells 
be a possible toxicity associated with 
vaccination? 

Advances in molecular genetics and the 
availability of monoclonal antibody reagents 
now make it possible to purify cells and cell 
components with defined and unique anti- 
genic characteristics for use in human tumor 
vaccines. However, a number of the promis- 
ing clinical trials of tumor vaccination con- 
ducted in the 1970s and 1980s used relatively 
simple and empiric methods of tumor vacci- 
nation preparation. 

In one study, surgically resected stage I 
and II lung cancer patients were treated with 
a vaccine prepared from allogeneic tumor 
cells.^ Cell membranes from viable tumor 
cells were subjected to low-frequency sonica- 
tion and the soluble material separated with 
Sephadex G-200. Polyacrylamide gel electro- 
phoresis was used to purify protein band 
material, which could elicit delayed hy- 
persensitivity reactions (DHRs) in lung 
cancer patients. This material was adminis- 
tered intracutaneously in combination with 
Freund's complete adjuvant (FCA) in a se- 
ries of three injections at monthly intervals 
Jbgginning abou t 1 month after surgery. 

PnoT'Studieg' suggested mat tins torm of\ 
therapy delayed or prevented tumor recur- 1 
rence. The approach was tested in a large 
multicenter clinical trial, which found no 
difference in survival between control pa- 
tients and patients treated with FCA alone or 
with FCA and tumor antigen.^ No autoim- 
mune toxicity was noted during the course of 
these studies. Peripheral blood monocytes 
producing excessive amounts of prosta- 
glandins appeared in the circulation prior to 



Critical Issues for 
Whole-Ttamor-Cell Vaccines 



Should autologous or allogeneic cells be 
employed? ^ 

Should cells be obtained from fresh surgical 
specimens or from tissue cell lines? 

Should cells first be irradiated to maintain 
their membrane integrity but prevent their 
proliferation? 

How can the reproducibility of vaccine 
preparation be assured? 

How can whole tumor cells be used that are 
gene modified for the following phenotypic 
changes (individual or in combination) to 
enhance immunogenicity: (1) expression of 
HLA class I or II antigens and/or adhesion 
molecules; (2) secretion of immuno- 
modulatory stimulating cytokines, such as 
interleukin-2 or tumor necrosis factor; and 
(3) secretion of chemotactic cytokines? 



clinical relapse in patients who failed in all 
three arms of the study. 

Further analysis of this clinical trial, how- 
ever, suggests that a survival benefit may 
have been obtained in the fraction of patients 
in whom careful attention was paid to thor- 
ough homogenization of tumor antigen in the 
FCA. Vaccinated long-term survivors also 
may have developed more intense DHRs to 
tum.or antigen. The methods employed in this 
study, although important and innovative, 
need to overcome the problematic nature of 
the technique's purification process and re- 
producibility (Table 3) before wider applica- 
tion in humans is feasible. 



X tumor vaccination study in patientswiSil 
surgically resected Dukes through Cj col- 
orectal cancer was conducted, based on rigor- 
ously evaluated preclinical experimental ani- 
mal data in which requirements for effective 
immunotherapy were established.^ An ele- 
gant series of studies of a guinea pig line- 10 
hepatocarcinoma model showed convincing- 
ly that bacillus Calmette-Guerin (BCG) ad- 
mixed with syngeneic tumor cells could in- 
duce sufficient systemic immunity to elimi- 



The concept 
of immunologic 
surveillance... 
suggested that 
the human host 
was capable 
under certain 
circumstances of 
rejecting a tumor 
essentially in the 
same manner 
as a homograft 
was rejected. 



Humoral and 
cellular immune 
responses were 
shown to exist In 

patients with 

cancer; these 
were found to be 
directed against 
tumor-associated 

antigens.... 



nate a limited metastatic disease burden.* 
These studies controlled for variables such as 
the number and viability of tumor cells, and 
ratio of viable BCG organisms to tumor cells. 
In the pilots that evolved from these trials, 
patients were randomized to a control arm or 
were vaccinated with their own tumor cells, 
obtained from surgical specimens at the time 
of operation and cryopreserved until thawed 
and irradiated prior to use.^ Treated patients 
underwent a schedule of three intradermal 
vaccine treatments weekly beginning 4 to 5 
weeks after tumor resection. 

The first two vaccine preparations con- 
sisted of irradiated cells and BCG; the third 
vaccine preparation was composed of irradi- 
ated tumor cells alone. Vaccinated patients 
developed augmented DHR to their autolo- 
gous tumor cells with greater frequency than 
nonvaccinated patients. A DHR increase to 
autologous normal intestinal mucosa cells 
was not seen. An Eastern Cooperative Oncol- 
ogy Group trial is now evaluating this ap- 
proach for surgically resected Dukes and 
B3 patients. 

FIRST TRIALS WITH HUMAN 
TUMOR VACCINES 

These studies, the first truly large, random- 
ized, controlled, multi-institutional clinical 



Critical Issues for 
Tumor-Cell-Extract 

Vaccines 

What method of antigen extraction should 
be employed? 

Should material be derived from a single 
source or should pooled material from a 
number of sources be used? 

What methods are to be used to identify 
material in cellular extracts that will produce 
the most effective stimulation of antitumor 
immune responses? 

Should extracted material be separated from 
HLA antigens that are present on both 
normal and malignant cells? 

How can reproducibility of vaccine 
preparation be assured? 



trials of human tumor vaccines for solid 
tumors, are examples of the use of whole 
cells and cell extracts for human tumor- 
vaccine preparation. In each case, an ad- 
juvant substance was added to enhance the 
immunogenicity of the vaccine. 

An autologous whole-cell vaccine has 
been shown to induce DHR to the whole-cell 
component, as well as significant regression 
of metastasis in patients with metastatic ma- 
lignant melanoma.*** Patients received cyclo- 
phosphamide before the vaccine in an at- 
tempt to modulate the activity of suppressor 
T-lymphocytes, The vaccine was prepared by 
methods similar to those previously de- 
scribed'^ and combined with BCG. 

Other investigators have also used cyclo- 
phosphamide to inhibit suppressor T-lym- 
phocyte activity prior to the administration of 
a malignant melanoma vaccine.** The vac- 
cine preparation consisted of mechanically 
disrupted allogeneic tumor cells from mela- 
noma cell lines. The concentration of vaccine 
was standardized in the preparation through 
measurements of a melanoma-associated 
antigen. 

Measurement was performed by binding 
inhibition enzyme immunoassays using a 
monoclonal antibody. The vaccine was given 
subcutaneously with an adjuvant consisting 
of detoxified endotoxin (monophosphoryl 
lipid A) mycobacterial cell wall skeleton and 
squaPane oil. In this trial, regressions of 
disease were seen in patients with metastatic 
disease. 

VIRAL ONCOLYSATES FOR HUMAN 
TUMOR VACCINATION 

The use of viral oncolysates for human tumor 
vaccination combines the potential immuno- 
genic benefit of whole cells with the value of 
cell extracts.*^ Viral oncolysates are homoge- 
nates of virus-infected cells. The virus in the 
mixture is believed to have an adjuvant rather 
than an antigenic role. Allogeneic and autolo- 
gous viral oncolysates have been used in 
human immunotherapy. Influenza virus and 
vaccinia virus have been most frequently 
used in the preparation of viral oncolysates 
since the first report of this procedure in 
1974. *3 

Pilot studies have suggested a protective or 
therapeutic benefit for viral oncolysates in 
gynecologic cancer, melanoma, and sarcoma. 
However, these reports must be considered 
anecdotal until larger randomized inves- 
tigations are conducted. 
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It may be possible to vaccinate against 
some human cancers by immunizing against 
those few viruses presently known to be 
associated with cancer in humans. Hepatitis 
B virus infection is associated with the devel- 
opment of primary hepatocellular cancer. Im- 
munizing against this virus will prevent its 
hepatic damage and may reduce the inci- 
dence of associated cancer.*"* 

Finally, one of the most innovative ap- 
proaches to tumor vaccination that has been 
developed relies on the use of idiotypic 
molecules that reiterate the molecular 
configuration of tumor-associated antigens. 
This approach is based on principles that 
predict that the variable regions of immuno- 
globulins and T-cell receptors that are 



responsible for antigen recognition are them- 
selves capable of provoking both B-cell and 
T-cell immunity.*^ 

These concepts led other investigators to 
vaccinate patients who have B-cell lym- 
phoma with the autologous immunoglob- 
ulins from each patient's tumor following 
cytotoxic chemotherapy*^ (Figure). Vacci- 
nated patients developed either humoral im- 
munity, cellular immunity, or both; in the 
two patients with measurable disease, com- 
plete tumor regression was observed. These 
preliminary results demonstrate the feasibil- 
ity of idiotypic vaccination for B-cell and 
T-cell malignant diseases and suggest that 
similar approaches might also be developed 
for nonlymphoreticular malignancies. 



strategy for idiotype vaccination. 
Source: Adapted from Kwak LW, 
Campbell IWJ. Czerwinski DK. 
Hart S. fVliller R, Levy R. Induc- 
tion of immune responses in pa- 
tients with B cell lymphoma 
against surface immunoglobulin 
idiotype expressed by their tu- 
mors. N Engl J Med, 1992; 
327:1209-1215. 



1. Hersh EM, Marligit CM, Gutteman GM, and Richman SP, 
Immunotherapy of human cancer. In: Becker FF. ed. Can- 
cer: A Comprehensive Treatise, New York, NY: Plenum 
Press; 1977; 425. 

2. Ehrlich P. (1909) The coUecled papers of Paul Ehrlich. In: 
Himmeiweit F, ed. Immunology and Cancer Research. Lon- 
don: Pergamon Press; 1957:550. 

3. Burnet M. Cellular Immunology. Cambridge, England: 
Cambridge University Press; 1969. 

4. Von Leydon E, Blumcnthal F. Vorlaufige miltei lunger uber 
einige ergebenisse der krebsforschung auf der I. Medizinis- 
chen Klinik Disch. Med Wochenschr, 1902;28:637-638. 

5. Southam CM. Applications of immunology to clinical can- 
cer: past attempts and failure possibilities. Can Res. 
1961;21;1302-1316. 

6. Stewart THM, ShcHey WE, Willan AR, Hollinshead AC. An 
evaluation of the role of tumor-specific antigens. In: Moun- 
tain C, ed. Lung Cancer: Current Status and Prospect for the 
Future. Houston, Texas: University of Texas Press; 1986: 
351. 

7. Hoover HC, Hanna MG. Immunotherapy by active specific 
immunization: clinical applications. In: DeVita VT. Hell- 
man S, Rosenberg S A, eds. Biological Therapy of Cancer 
Philadelphia, Pa: JB Lippincotl Company, 1991. 

8. Hoover HC, Peters LC, Brandhorsi JS, et al. Therapy of 
spontaneous metastases with an autologous tumor vaccine in 
a guinea pig model. J Surg Res. 1 98 i ;30:409-4 1 5. 



9. Hoover HC, Surdyke MG; Dan gel RB, et al. Prospectively 
randonuzed trial of adjuvant active -specific immunotherapy 
for human colorectal cancer. Cancer. 1985;55:1236-1243. 

10. Bcrd D, Maguire HC Jr, Masirangelo M, Induction of 
cell-mediated immunity to autologous melanoma cells and 
regression of metastases after treatment with a mclanorna 
cell vaccine preceded by cyclophosphamide. Can Res. 
1986;46:2572-2577. 

11. Mitchell MS, Harel W, Kempf RA, et al. Active- specific 
immunotherapy for melanoma. J Clin Oncol. 1990;8:856- 
869, 

1 2. loannides CG, Platsoncas CD. Patenia R, et al. T-Ccll 
functions in ovarian cancer patients treated with viral onco- 
lysates. Increased helper activity to immunoglobulins pro- 
duction. Anticancer Research. 1 990; 1 0:645-654. 

1 3. Sinkovics JG, Williams DE, Campos LT, et al. Intensifica- 
tion of immune reactions of patients to cultured sarcoma 
cells; attempts al monitored immunotherapy. Semin Oncol 
1974;1:351-365. 

14. Stevenson FK. Tbmor vaccine. FASEB J. 1991:5:2180- 
2257. 

15. Schwartz RS. Therapeutic clonotypic vaccines. N Engl J 
Med. 1992; 327:1236-1237. 

16. Kwak LW, Campbell MJ. Czerwinski DK, el al. Induction of 
immune responses in patients with B-cell lymphoma against 
the surface immunoglobulin idiotype expressed by their 
iumors. N EnglJ Med. 1992;327:1209-1215. 



181-20584 



Exhibit D 



This Page Is Inserted by IFW Operations 
and is not a part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the 
original documents submitted by the applicant- 
Defects in the images may include (but are not limited to): 

• BLACK BORDERS 

• TEXT CUT OFF AT TOP, BOTTOM OR SIDES 

• FADED TEXT 

• ILLEGIBLE TEXT 

• SKEWED/SLANTED IMAGES 

• COLORED PHOTOS 

• BLACK OR VERY BLACK AND WHITE DARK PHOTOS 

• GRAY SCALE DOCUMENTS 



IMAGES ARE BEST AVAILABLE COPY. 



As rescanning documents will not correct images, 
please do not report the images to the 
Image Problems Mailbox. 



4iJ UUii/UUV 



' (CANCER RESEARCH 36, 204-209. Jafiuftfy 1978] 



Immunotherapy of Established Micrometastases with-8ac///iis Ca/mette- 
Gu6rin Tumor Cell Vaccine^ 



M. G. Hanna, Jr., and L. C. Peters 

Basic Research Program, National CtneCf Intihute Frederick Cancer R^saarch C$nter, Frederick, Maryland 21701 



r 
I" 



ABSTRACT 

Wa evaluated the u$e of Bacillus CalmettB-Querin ad- 
mixed with tumor cells as a vaccine to Induce systemic 
tumor Immunity for therapy of subclinical (mlcrometa- 
etatlc) disease. In several axperlmente inbred attain 2 
guinea pigs were given i.v. injections of either 10^, 10', or 
10" syngeneic UO hepatocarclnoma cells, and initial vac- 
cinations ware administered either 1 or 4 days after tumor 
inoculation. Variables In vaccine preparation, such as 
ratio of viable B$cUlus Cslmette-Gu^rln organisms to 
tumor cells, procedures for freezing the tumor cells, X< 
ray treatment of tumor cells, and vaccination regimen 
were evaluated. The studies demonstrated that under 
defined conditions nontumorlgenic vaccines of BacWus 
C^lmette-Guerin and tumor cells can cure the majority of 
animals of otherwise lethal visceral micrometastases. 

INTRODUCTION 

The strategy of immunotherapy for cancer in experimen- 
tal animal models and humans is iimiled by many factors 
Including the stage, type, and location of the tumor; the 
level of antigenicity of the tumor cells: and the status of the 
host immune response. Clinical immunotherapy has been 
proceeding with relatively limited guidance from experi- 
mental animal models. Of the several approaches to immu- 
notherapy of locali2ed tumor and/or disseminated minimal 
residual tumor, immune potentiation by microbial agents 
has received the greatest attention. The most encouraging 
experimental and clinical data to date have resulted from 
protocols consisting of bacterial vaccines or nonspecific 
immunostimulants. primarily Mycobsctenum boy/is strain 
BOG.* administered i.t. (17. 18, 2t) or systemically either 
alone (7, 8, 16) or admixed with tumor cells in the form of a 
vaccine (22. 23). One impetus for the use of 8CG in 
immunotherapy has been the development of an experi- 
mental system that meets some of the requirements of a 
model to study an established tumor with regional lymph 
nods metastasis (19). it has been demonstrated that regres- 
sion of transplanted syngeneic hepatocarci nomas growing 
in the skin of inbred strain 2 guinea pigs and elimination of 
regional lymph node metastases are achieved in the major- 
ity of animals after i.t. injection of viable BCG (12, 26). This 
particular aspect of immunotherapy in the guinea pig 
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model, although intriguing, is very limited with respect to 
the type, stage, and location of the tumor as well as with 
respect to the route of administration of BCG. Nevertheless, 
the initial studies established l fact that has broad implica- 
tions. During BCG-mediated tumor regression and elimina- 
tion of regional lymph node metastases, there is the devel- 
opment of systemic cell-mediated tumor Immunity demon- 
strated by rapid rejection of a second tumor challenge 
several weeks after BCG treatment (11. 25, 27). This is a 
very important aspect of the model since it is known that, 
at the tumor stage when BCG administration is optimally 
elfeclive, surgical excision of the tumor and regional lymph 
node would also be curative. However, no significant devel- 
opment of tumor immunity is achieved with surgery alone. 

We recently demonstrated the effectiveness of tumor 
immunity induced by i.t. injections to eliminate artificially 
produced distant tumor foci (9, 10). This aspect of the BCG 
therapy model becomes important y/^^en one considers 
that adjuvant immunotherapy has been primarily tested in 
cancers for which control of primary tumors is available 
with surgery, radiotherapy, and/or chemotherapy, but 
where there is a substantial rate of relapse. Recurrence is 
usually thought to be due to a small number of residual 
tumor cells. Adjuvant immunotherapy is intended to eradi- 
cate the residual tumor cells by enhancing immunological 
mechanisms. However, based on all that we have learned, 
the translation to humans of the results of i.t. BCG injection 
in the guinea pig model would require careful attention to 
certain aspects of the treatment. These include tumor 
stage, dose, iniection, route, regimen, and source of BCG. 
This is not always possible in human cancer, for which 
immunotherapy is often used for advanced cancer after 
other forms of treatment have failed, in addition, this model 
is inappropriate for cases in which i.t. injections are not 
possible. 

An important advance in this guinea pig immunotherapy 
model would be to achieve effective systemic tumor immu- 
nity without the i.t. injection of BCG. We have approached 
this problem by systematically evaluating the ability of vac- 
cines of BCG admixed with tumor cells to eliminate a 
disseminated tumor burden. Although previous attempts at 
BCG-tumor cell vaccine immunotherapy both in inbred 
guinea pigs (3) and in humans (see Ref. 20 for review) have 
been limited and somewhat discouraging, relatively little 
has been done to determine the optimal conditions for 
vaccination. Here we investigate a number of variables 
such as the ratio of viable BCG organisms to tumor ceils, 
the freezing procedures, the X-ray treatment of cells, and 
the vaccination regimen. Although these factors cannot 
possibly be investigated systematically in humans for ethi- 
cal reasons, they can be studied in the guinea pig model. 
Our studies demonstrate that, under defined conditions. 
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nontumorigenic vaccines of BCG and tumor cells can cure 
the majority of animals with lethal di&seminated tumors 
established as visceral micrometastases. 

MATERIALS AND METHODS 

Animals. Inbred male Sewall Wright strain 2 guinea pigs 
vvere obtained from the Frederick Cancer Research Center 
Animal Breeding Section, These guinea pigs were shown 
to be histocompatible by skin grafting. They were housed 6 
to 10 per cage and fed Wayne guinea pig chow and kale; 
they weighed 400 to 500 g at the beginning of the experi- 
ments. 

Tumors. Induction of primary hepatocarcinomas in strain 
2 guinea pigs after they were fed the water-soluble carcin- 
ogen, diethylnitrosamlne, was described previously (19). 
The antigenic and biological properties of the transplanta- 
ble ascites tumors developed from the primary hepatocar* 
ctnomas have also been described (26). 

Ascites hepatocarcinoma cells, L10, were harvested and 
washed 3 times in HBSS and diluted to desired concentra- 
tions. One-ml doses of LIO, ranging from 10^ to 10^ cells/ 
dose, were injected into the dorsal vein of the penis, 
producing artificial vascular metastasis. Injections of 10^ 
cells resulted in the death of approximately 70 to 80% of 
the animals, whereas lO* and 10^ cells were fatal to alt 
animals. The times of death varied as a function of dose, 
and all animals died as a result of metastasis to the lung, 
mediastinal lymph nodes, and hilar lymph nodes with con- 
current visceral metastases. 

BCG. M, bows strain BOG (Phipps strain TNC 1029) was 
obtained from the Trudeau Institute (Saranac Lake. N. Y.). 
Preparations of BCG, stored at -70*, were rapidly thawed 
in a 37' water bath and diluted to proper concentrations. 

Vaccine Preparation. The LlO tumor was maintained by 
i.p- passage in guinea pigs. Ascites cell preparations were 
removed and washed in HBSS. The L10 cells used in 
vaccine preparation were either fresh or frozen and thawed- 

In preparation for freezing, the cells were concentrated 
and suspended in an equal volume of chilled 15% dimethyl 
sulfoxide plus 10% fetal calf serum-HBSS solution. The 
final suspension was 2 to 6 x 10^ cells/ml. Two-ml aliquots 
of the L10 cell suspension were frozen at controlled rates 
in a Linde BF4 Biological Freezer at -1*/min to the critical 
freezing point, flash-frozen through the heat of fusion, and 
continued at -I'/min to a final temperature of -60°. The 
rate of freezing was monitored on a Honeywell Electronic 
III- The vials were stored in liquid nitrogen. The rationale 
for this method of freezing has been described in detail 
elsewhere (14. 1S). The vials were rapidly thawed in a 37" 
water bath. Frozen-thawed cells were slowly diluted to 50 
ml in HBSS. washed once, and resuspended in preparation 
for X-irradiation. Suspensions of fresh and frozen-thawed 
cells were X-irradiated in 50-ml beakers on ice. X-irradiaiion 
was performed with a Phillips MG 301 X-irradiation unit at 
500 R/min. A total X-irradiation dose of 20,000 R was 
achieved. Cell viability counts were performed with the use 
of the trypan blue dye exclusion test, and viability after 
irradiation of either fresh or frozen-thawed cells was gen- 
erally 90%. with less than io% variation between the fresh 
or frozen-thawed cells. 



Immunotherapy of MicrometBstases 

BCG (10* organisms/ml) was added in equal volume to 
viable L10 (10" cells/ml) for a vaccine ratio of 10:1. A 
vaccination consisted of an t.d. injection of 0.2 ml. For 
ratios of 1:10. BCG (10^ organisms/ml) was diluted 1:100 in 
HBSS. and aliquots were mixed with 10" viable LIO cells/ 
ml. These vaccinations also consisted ot an i.d. injection of 
0.2 ml. All vaccinations were performed (ess that 1 hr after 
the BCG-tumor cell mixtures were prepared. 

In preliminary vaccination experiments, the LIO cells 
were irradiated with 12,000 R: however, we noticed that, 
although this irradiated ceil preparation was not tumori- 
genic when admixed with BCG, It was tumorigenic when 
administered Ld. in the absence of BCG. We were con- 
cerned that any gi'owth of 12,000-R X-irradiated LlO cells 
In the skin might preempt developing tumor immunity and 
thus render the treatment ineffective against disseminated 
tumor. Therefore, 20,000-R X-irradiation was used in all 
subsequent experiments with LIO cells In BCG-tumor ceil 
vaccines. Animals were given i.v. Injections, in the dorsal 
vein of the penis, of either 10*. 10^ or 10« LlO cells in 1-ml 
volumes. All vaccinations were given i.d-, beginning in the 
upper right dorsal quadrant. Successive vaccinations were 
given In different sites or i.L in the previous vaccination 
site. Vaccinations were performed either 1 and 7 days or 4 
and 10 days after i.v. LIO injection. 

RESULTS 

An i.v. dose of 10* L10 tumor cells does not lead to the 
death of all guinea pigs. Approximately 25% of the animals 
will survive clean injections where leakage did not occur to 
the regional site. This inoculum Is the optima! dose for 
assessing the influence of the nonspecific side effects of 
vaccination on tumor cell arrest, the extravasation and 
establishment in organs, and the immunologically specific 
effects of the vaccine. Thus, at this initial tumor cell dose 
of 10^, vaccinations were performed at either 1 and 7 or 4 
and 10 days after i.v. injections of L10. 

Several modes of vaccination as well as 2 ratios of viable 
BCG to tumor cells were tested in guinea pigs given i.v. 
injections of 10* L10 cells. The BCG-tumor cell ratios were 
10" BCG or 10« BCG admixed with 10^ LlO. These were 
administered as either a single vaccination, a single injec- 
tion of BCG-L10 vaccine followed 6 days later by an i.l. 
injection of L10 into the previous vaccination site, a single 
injection of BCG-LIO vaccine followed 6 days later by an 
injection of LIO alone on the opposite side, or 2 separate 
injections of BCG-L10 vaccine. Also, the efficacy of frozen 
LIO cells was compared to that of fresh LIO cells. The 
results are shown in Table 1 . 

Compared to the untreated tumor-bearing guinea pigs, 
no significant difference in survival was detected in animals 
treated with 2 i.d. injections of BCG or tumor cells alone, 
regardless of whether the initial treatment was performed 1 
or 4 days after i.v. injection of LlO. 

Single BCG + LIO vaccinations at ratios of 1:10 or 10:1 
did not confer significantly greater protection than did 
vaccinations of BCG alone , tumor cells alone, or nontreated 
controls. Furthermore, these 2 BCG:L10 ratios could not 
be associated with significant differences in survival of 
animals given i.v. injections of 10^ tumor cells, regardless 
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M. G. Hanna.Jr, and L, C. Peters 
Table 1 

Survlviil of guint^s pigs given Lv, injections of 10^ syngenBic UQ 
hepatocarcmoma ceils 
♦i^r^'^.f'^P®"'"^'^^ terminated at 280 days after tumor iniec- 
^^IJn ''"'^^ ^'^^ days. SigSn^' of 

differences in sun^val was calculated by the Rsher 2-taHed exa« 

No. of survivors/ 

total no. of 
animals/group at 

following 
vaccination times 
aftar r.v. rnieetion 
of tumor 



Treatment*' 



None 

(10* eCG) (10« BCG) 
(10'LJO) {10' L10) 
{10« BCG 4- 10' L10)* 
(lO" BCG 4 10' LIO)* 

{^0* SCO + 10^ LlO) (10' LlO 11 ) 
(10« BCG + 10^ LlO) (10' 11011) 
(10* BOG + 10' PUO<) (10' FL10 I.I.) 

(10-BCQ + 10' LlO) flO' LlO) 
(10« BCG + 10' LlO) (10' LlO) 

"-^^J BCG + 10' U10) 
(JpajCC + 10' LlO) (1Q»_BCG 10^ LlO) 



Days 1 
and 7 



3/12 
3/12 
2/10 
4/10 
2/10 

8/10 
9/10 
e/10 

10/10 
10/10 

10/10 
9/10 



Days 4 
and 10 



3/10 
4/10 



B/10 

d/10 



10/10 
9/10 

10/10 
10/10 



r:z zi r'*! lu/ ly 

as .cS^eJr reSrst^Sr//^ 00"^^^^. 
tions "^'^ administered as single sequential injec- 

*■ FL10. frozen-thawed LlO. 

J^US'*'''". Compared to those animals 

that received single vaccinations of BCG + LlO. BCS. or 

^""^ T**"'"^ *° '"^^ nontreated controls. 
S« achieved in tumor^ 

of e hfr^"in '^"'"^ ^«<^0"<* vaccination 

aoi). or BCG-L10 mixture (p < o.Ol). From 80 to 100% of 
the an-mals survived in these treatment groups, rega^ti 
1? f ^n''- ^''^"'"^ administered 1 or idlyl 
wprp t ! Tk ^° ='9"'"cant differences in efficacy 
were detected between fresh L10 cells and frozen LlO 

we?p^Sw^f ' 7^'^"'«"v« fl^oi'Ps Of the survivors either 
Z of fd .h'l "^^^ T'"""'^ measurement of rejec- 
autonJioH ; ^"^^ °' "-^^ ""^ were killed knd 
autopsied for gross and histological examination for resid- 
ual tumor. None of the animals autopsied had any evidence 

ability to reiect contralateral challenge as a function of 

treatea with BCG or tumor cells alone failed to reiert 

Sortult'tl''''''"^!;'''''^^''"^ '^^^^ animals were 
not tumonmmune at 280 days after treatment. Seventy to 
90% of the survivors in the various mgltiole varrinMion 
groups rejected contralateral challenge Soweve^ 'o 2^ 

g oups. These data demonstrate that animals that survived 
206 



after treatment with ineffective modes of vaccination wer^ 
no tumor immune, whereas significant protection as win 
as ong-term tumor immunity was conferred on thoS a„ 
mal3 that received efficacious modes of vaccination 

injections of 10» or 10« syngeneic LlO cells iv ar« 
routmely fatal in strain z guinea pigs. Vaccinations of BCG 
alone or tumor cell alone conferred no protection in these 
tumoPbearing guinea pigs when the animals were Jin 

TsiSnn ^tJelr T '-^"'"'''nocu.at.'on S 
Rrr^Tn . J ^^ealmeni groups was a function of the 

10' or o'SlI? ' V T*'"'-*'^'^^''"^"' Pigs given 
10 or io» cells i.v.. a vaccine containing BCG :L10 cells m 

ISZVn '-' ^"'"^^ Protlctlon wSefei a 

ratio of 1:10 was ineffective. Thus, the ratio of viableTcG 
organiams 0 tumor cells is a critical factor In the efficacy 
of the vaccine, and a large amount of BCG is benen" ^ iJ 
'''S"'^^"^ <"«erence In prSec- 
SleC ! fT'^,^^-" g'0"P that received a 
^im^f,^ f was compared to a 

similar treatment group that received a second i I LIO 
mjection. In contrast, survival was achieved in those ani- 
mals that received a second injection of LlO alone or BCQ 
+ LIO on the opposite side (p < 0.02 or p < 0 01 

10 LIO. no significant difference in protection was detected 

:s;r:Lr^ "° ^ -"^ v,oc,n.r:s 

One important consideration was whether BCG-immune 
guinea pigs could generate effective tumor immunity after 

Table 2 

Survival ofgulnoa Pigsgh^ I.v. injections of W or syngeneic 

These experiments were terminated at 240 davs after 
•njeclion. All nontreated controfe In the 10» btoud d^ bl as ^v,/ 
and all noAtreated controls in the 10« nrouo Sie^ hv%7 nfif ' 



TiGaiment" 



f^one 

(10" BCG) (10" BCG) 
(10' UO) (10' LlO) 
(10« eCG + 10' LIO)* 
(10« eCG + 10^ LIO)* 

(10- BCG ^ 10' LIO) (10' LIO 11) 
(10" BCG - tO'LlO) (10' LIO LI) 
00' BCG ^ 10' FU10'') (10' LIO FL10 i.l.) 

(10«eCG i 10' LIO) (10' UO) 
(10* BCG ^ 10' LIOl (10' LIO) 

l]Z '1°' eCG + lO'L10) 

?;fCG + 10' LIO) (10- BCG + 10' LIO 
(lO^Q j-»O^FL10niO- BCGJJO^R^ 

^.^^ Vaccinations were administered as .ingie sequential Injec- 
*■ FL10. frozan-thawed tlO. 
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No. of sun/ivors/ 


total no. of 


animals/group at 


following i.v. 


tumor cell dose 


10« 


10* 


0/10 


0/10 


0/10 


0/10 


0/10 


0/10 


1/10 


0/10 


2/10 


0/10 


1/10 




5/10 




5/10 




1/10 


0/10 


e/10 


3/10 


1/10 


1/10 


9/10 


6/10 


9/10 



BCG L10 vaccination. Normal guinea pigs as well as 
guinea pigs previously immunized to BCG and shown to be 
PPD positive by skin testing were given i.v. injections of 
10* LlO cells. In this particular experiment vaccinations 
were performed 4 and 10 days after Lv. tumor inoculation. 
Two modes of vaccination. BCG + L10 (10:1) at Days 4 and 
10 and BCG + UO (10:1) at Day 4 followed by i.l. Lio at 
Day 10, were compared in PPO-positive and PPD-negative 
guinea pigs. Regardless of whether or not the animals 
were PPD positive, the 2 modes of vaccination conferred 
signiricant protection (p < 0.01) and did not differ signifi- 
cantly (Table 3). 

We next investigated whether multiple BCG + LIO vacci- 
nations at either the 10:1 or 1;10 ratios would improve 
survival in comparison to single or sequential vaccinations. 
Guinea pigs were given i.v. injections of 10* LIO cells and 
vaccinated on either 1 day, 1 and 7 days, or 1. 7, and 14 
days after i.v. tumor inoculation. Treatments consisted of a 
single vaccination of BCG LIO followed by LlO alone or 
by BCG + LIO, 2 simultaneous BCG 4 LlO vaccinations 
followed by 2 simultaneous injections of L10 alone or of 
BCG -f LIO. or 3 sequential vaccinations of BCG -r LIO. 
The results are shown in Table 4. 

Initial BCG + LlO vaccinations at a ratio of 1:10 were 
ineffective regardless of tho vaccination schedule. Signifi- 
cant protection (p < 0.01) was achieved with all initial 
vaccinations at ratios of 10:1 . but no significant increase in 
survival was achieved by multiple or sequential vaccina- 
tions. 

DISCUSSION 

Vaccines consisting of tumor cells admixed with BCG, 
under certain defined conditions, are effective in control- 
ling and eliminating micrometastases in a syngeneic guinea 
pig tumor system, regardless of whether the animals are 
BCG immune or not. At the outset it should be slated that 
this experimental model has major limitations in that it is a 
transplantable tumor established for a short time in norma! 
guinea pigs and in that the system out of necessity does 
not take into account such factoid as individual variations 
between the biological behavior of tumors of other histolog- 

Tabl« 3 

Survivai of guinea pigs given i.v. injections of tO* syngeneiQ UO 
hepstocarctnoma cells: efiectiv^ness of vaccination in BCG- 

immune guinea, pigs 
Gutnda pigs were givan i.d. injuctions of 10^ BCG and 6Kin 
tested wiih PPO 2l days alter immunization; 2 weeks later animals 
were given i.v. injections of 10* L10. The experimenl was termi- 
nated 270 days after tumor injection, and all non treated controls 
died by 128 days after tumor injection. Significance of differences 
in survival was calc u lated by the Fisher 2-lail&d exacT test . 

Survivors/ 
total no. ol 
animals/ 
group 



Immunotherapy of Micrometastases 
Table 4 

Surival Of guinea pigs given i.v. injections of 70' syngeneic UO 

henatocarcinomQ cells: effect of multiple vaccinations 
This experiment was evaluated at 120 days after i.v. tumor 
injection, and all animals in the nontreated Of single veccination 
control groups died by 70 days. Significance of difler^nces m 
survival was calculated by the Fisher 2*tailed exact tost. 

SuTvivors/tolal 
no. ol animals/ 
Treatment" group 



PPD 
sensitiv- 
ity 



Treatment at 4 and 10 days 



None 
None 

(10» BCG 10^ LIO) (10* BCG + 10' LlO) 
(lO- BCG + 10' LIO) (10» eCG 4 10' LIO) 
(10" BCG + 10' L10)(10' LIO 1,1.) 
(10* BCG ^ 10^ LIO) (10' LIO i.l.) 



0 

0 
5/10 
6/10 
2/10 
6/10 



None 

(10* see + 10' LIO)** 
(10» BCG 10' LIO)^ 

(lO" BCG + 10^ UO) (10' LIO) 
2(10* BCG + 10' LIO) 2(10' LIO)^ 



(10* BCG 
2(10» BCG 



10' LIO) (10' LlO) 
10' UO) 2(10' LIO) 



(lOfi BCG + 10' LIO) (10^ BCG + 10' LlO) 
2(10* BCG T 10' UO) 2(10" BCG + 10" LlO) 

(10" BCG -t- 10' UO) (10" BCG 10^ LIO) 
2(10" BCe ^ 10' LIO) 2(10" BCG + 10' LIO) 

(10* BCG + 10' LIO) (10» BCG 10' LIO) 
(10* BCG f 10' LIO) 



0/13 
O/tO 
0/10 

0/10 
1/9 

3/10 
6/10 

1/10 
1/10 

5/10 
6/10 

4/d 



" Treatments were administered 6 days apart on opppaite sides, 
as described In "Materials and Methods." * ^ 

* Vaccinations were administered as single injections. 
^ Two simultaneous injections- 

ical types and the limiting factors of the host. Thus, the 
model may be used to answer only specific questions 
fundamental to immunotherapy of micrometastasis. 

Under naturei conditions tne development of metastasis 
is dependent upon an interplay between properties of the 
host and properties of the tumor cells. The process is 
highly selective and represents the end point of several 
destructive events from which few tumor cells survive. Only 
a few tumor cells within the primary neoplasm may actually 
invade blood vessels, and of those even fewer will survive 
in the circulation. Similarly, not all malignant cells that 
survive transport are successfully arrested, undergo extra- 
vasation, etc. Also, tumor ceils, in principle, could be 
susceptible to host Immune and nonimmune defense 
mechanisms that could destroy malignant cells during any 
of the steps described above (5, 6). 

Metastasis was artificially induced in guinea pigs by i.v, 
injection of LIO. and treatment was not started until ade- 
quate time had elapsed to ensure extravasation and locaii- 
zation of tumor cells into the parenchyma of visceral or- 
gans. No significant difference in the effectiveness of vac- 
cines was found when the treatment was started 1 or 4 days 
after tumor cell transplantation. It has previously been 
demonstrated with i.v. injection of B16 melanoma in mice 
(4) that, between 1 and 4 hr after i.v. transplantation. ine*'e 
is a 50% reduction In the number of arrested tumor celts m 
the lung, and at 24 hr only 2% of ihe cells are retainec m 
the lung as a stable metastatic population. Thus, the results 
of any treatment administered prior to 24 hr after transotn- 
tation are impossible to interpret since beneficial ef^t-;ts 
could be due to prevention of metastasis rather than lo 
treatment* in this study the lack of difference between 
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various effective vaccines when treatment was adminstered 
1 or 4 days after transplantation suggests that a therapeutic 
effect was indeed achieved with these vaccinations. 

It was clear from this study that, of the 2 basic BCG- 
tumorcell vaccines used, the preparation consisting of 10* 
viable SCG admixed with 10' tumor cells was more effective 
over a tjroad range of increasing initial tumor burdens than 
was that of 10^ BCG admixed with 10' tumor cells. Although 
the laner was effective at initial tumor burdens at 10* L10, it 
was ineffective when the initial tumor cell inoculum was 
increased to 10* LlO. Whether this 10:1 BCG:tumor cell 
ratio is critical or simply a function of total BCG cannot be 
determined from these studies. However, in a study of the 
effectfveness of BCG-tumor cell mixtures as vaccines 
against LSTRA murine leukemia (2), it was found that 
Immunity was high (100%) if the 8CG:LSTRA ratio was low 
(erther 5 X 10^:10* or 5 x 10*:10») and that the proportion 
of immune mice was low (6%) if the BCG:LSTRA ratio was 
high (6 x 10«:10'). 

Tumor cells that were frozen by an established procedure 
used tor preservation of bone marrow in transplantation 
studies and assessed as an optimal procedure in several 
low-temperature biology studies (for review, see Ref. 24) 
were equally as effective in the vaccines as fresh tumor 
ceils. This is contrary to the results of Bartlett et af, (l) who 
used glycerol as the freezing additive. Our cells were frozen 
in dimethyl sulfoxide and fetal calf serum. The striking 
difference, however, was the percentage of viability after 
freezing. Cell viability was approximately 90% after freeze- 
thawing. If for some reason viability fell below 90% during 
liquid nitrogen storage, the cells were discarded. In our 
opinion , the trypan blue exclusion test is a very consen/ative 
test of cell damage, and any trauma sufficient to render 
20% of the celts sensitive to trypan- blue may have severely 
damaged the remaining cells or altered their antigenicity. 
The viability of frozen cells in the experiments of Bartlett et 
aL ranged between 40 and 70% as determined by trypan 
blue exclusion. Thus, the difference in results with frozen 
LlO celis may be attributed to suboptimai versus optimal 
freezing conditions. Whether the 20.000-R X-irradiation 
dose of the tumor cells was an important aspect in the 
preparation of cells in vaccines is not known. However, 
studies are under way to test this point in this model since 
It IS recognized that the use of 12.000 R is standard 
procedure for BCG-tumor cell vaccines in humans. 

Of the 3 basic vaccination schedules tested, the 2 that 
ware consistently effective for all tumor burdens were 10« 
BCG admixed with 10' UO followed by 10' alone on the 
opposite side or 2 separate injections of 10^ BCG admixed 
with 10' LlO. The fact that BCG was not required in the 
second injection of the former schedule and the fact that 
multiple vaccinations did not improve therapy with respect 
to the latter schedule or with the less effective vaccine (10*^ 
BCG + 10^ LlO) suggest that the critical aspect of any of 
thQ vaccination schedules is the initial dose of BCG Follow^ 
mg the Initial treatment with BCG, effective systemic tumor 
immunity can be achieved with i.d. injections of tumor 
cells alone at a different site. 

A third vaccination schedule, which consisted of reintro- 
duction of the tumor immunogen into the i.d. site previously 
injected with BCG + tumor cells, was effective at lower 
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tumor burdens (10^) but was less effective at initial tumor 
burdens of 10'. This is in contrast to a similar schedule in 
which the second tumor cell vaccination was in a different 
i.d. site. The rationale for the second injection of tumor 
cells in the BCG-infected site was based on the study of 
Hawryiko (13), in which the dimensions of BCG-poteniiated 
antitumor response against the murine mastocytoma P8I5 
were investigated. One limitation that we found with this 
procedure was the difficulty in delivering the tumor cell 
Inoculum in the previously infected dermal site. Early ulcer- 
ations of these injected dermal sites were limiting with 
respect to constant delivery of the tumor immunogen in 
the second injection. 

In this study we have shown that visceral micrometastasis 
induced by i.v. injection of LlO can be cured by the systemic 
effect of a tumor cell-BCG vaccine. These results confirm 
our previous studies on the Immunological susceptibility of 
i.v.Mnjected LlO cells (9, 10). We have now demonstrated 
that a nontumorigenic vaccine can affect immunotherapy. 
These results demonstrate that there is a critical dose for 
BCG in the initial vaccination but that BCG is not essential 
in the subsequent vaccination and that optimum therapy 
could be achieved with 2 vaccinations separated by a 
period of 6 days. Furthermore, the induced tumor immunity, 
which can cure the majority of guinea pigs with microme- 
tastases is achieved by 2 vaccinations that require a total 
of 2 X 10' tumor cells (approximately^SO mg of tumor) 
administered over a period of 1 week^ Also, the tumor 
cells, when frozen under established optimal conditions, 
maintain immunogenicity and can be used effectively in 
vaccines. 
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._ABLISHMENT OF A TUMOR-SPECIFIC IMMUNOTHERAPY MODEL UTILIZING 
rNP-REACTIVE HELPER T CELL ACTIVITY AND ITS APPLICATION TO THE 

AUTOCHTHONOUS TUMOR SYSTEM' 



HIROMl FUJIWARA,' HISAKAZU AOKI, TAKAYUKI YOSHIOKA, SHOHKEN TOMITA 
RYOICHI IKEGAMI. and TOSHIYUKI HAMAOKA 

-om the Department of Oncogenests. Institute for Cancer Research. Osaka Vntversity Medical SchooL 1-1-50 Fukushima. 

Fukushlma-ku, Osaka, 553. Japan 



Yciiiduction of potent ha pten-reactive helper T 
1 activity and subsequent immunization with 
ptcn-coupled syngeneic tumor cells result in en- 
nccd induction of tumor-specific inunumity 
•ough T-T cell collaboration between anti-hapten 
Iper T cells and txmior-speclfic effector T cells. On 
: basis of this augmenting mechanism, a tumor- 
xUlc immunotherapy protocol was established 
which a growing tumor regresses by utilizing a 
tent tiinitrophenyl (TNP}-helper T cell activity. 
H/He mice were allowed to generate the amplified 
ore potent) TNP-helpcr T cell activity by skin 
intiiig with trinitrochlorobenzene (TNCB) after 
^treatment prfth cyclophosphamide. Five weeks 
cr, the mice were inoculated intradermally with 
*c transpIanUble X5563 tumor cells. When 
5 injected into X5563 tiunor mass, an ap- 
wic number of growing tumors, in the only 
^up of C3H/He mice in which the amplified TNP- 
Iper T cell activity had been generated were ob- 
rved to regress (rcgressor mice). These regressor 
cc were shown to have acquired tumor-specific T 
U-medlated immunity.. Such immtmity was more 
tent than that acquired. in mice whose tumor was 
nply removed by isurgical resection. These results 
Hcatc that in situ TNP haptenation of the tumor 
Us in TNP-primed mice can induce the enchanced 
3or-«pecific immunity leading to the regression 
a growing tumor. Most importantly, the present 
ody further Investigates the applicability of this 
iP immimotherapy protocol to an autochthonous 
inor sjrstcm. The results demonstrate that an ap- 
edable i>ercent of growing methylcholanthrene- 
luced autochthonous tumors regressed by the 
we TNP immunotherapy protocol. Thus, the pres- 
t model provides an effective maneuver for tumor- 
ccific Immimotherapy In syngeneic transplanta- 
5 as well as autochthonous tumor systems. 

^ the basis of the hypothesis of Mltchlson (1) con- 
ing manlpulaUons that might augment tumor-spc- 
ic Immunity, numerous attempts to cnchance the Im- 

2*«|vcd for publicaUon Jaimaiy 25. 1984. 
" for publicaUon Fcbniajy 23. 1 984. 
of publicaUon of this article were defrayed tn part by the 
_pa«e charges. This article must therefore be hereby marked 
«t>tfif2r^ *«o«l*n««<w*,th 18 U.S.C. Secuon 1734 solely to IndJ- 

•^JI^r*J??*"PP^^ Cram-ln-Ald for Cancer Research fnwn 
•a*2S!^ Educauon. Science and Culture, 
correspondence to Dr. FuJIwara. 



munpgenlclty of tumor-associated transplantation an- 
tigens (TATA)^ by coupling additional antigenic determi- 
nants on the tumor cell surface have been reported (2- 
6). Helper T cells can collaborate with effector T cell 
precursors, such as cytotoxic cell precursors, to enhance 
Immune responses against various' antigens Including 
TATA (7). If additional determinants coupled onto the 
tumor cell act as helper determinants. It Is therefore ^ 
conceivable that prclnductlon of helper T cell activity to 
these additional determinants could Induce much higher 
antl-TATA immune responses at the Ume of stimulation 
of tumor cells conjugated with the corresponding anti- 
genic determinants. 

We defined condiUons under which enhanced Immune 
resistance to tumors could be generated by prclnducing 
trlnltrophenyl (TNP) hapten-rcactlvc T cells, and by sub- ^ 
sequently immunizing with TNP-coupled syngeneic tu- 
mor cells (8. 9). This system Is designed to Induce the 
most efficient generation of tumor-speclf Ic effector T cell 
activity in vivo by virtue of the close linkage of hapten- 
rcacUve helper T cells and TATA-specIflc effector pre- 
cursor T cells in the microenvlronment at the time of 
stImulaUon with hapten-coupled tumor cells. Our pre- 
vious results demonstrated that the generation of potent 
TNP-helpcr cell activity after elimination of suppressor 
cell acUvIty was a prerequisite for amplified generation 
of in vivo protecUvc immunity, and a T-T cell Jntcractlon 
mechanism between TNP-helpcr T cells and antl-TATA 
effector T cell precursors was thus suggested to be essen- 
tial to such a phenomenon (10). These results prompted 
us to establish an Immunotherapcutlc protocol In tumor- 
bearing animals In which such potent TOP-hciper T cells 
were used. • -...ov 'r-.^^^-- 

In the present study, when TNP was introduced into 
the tumor mass of tumor-bearing mice In which - the 
amplified TNP-rcacUve helper T cell acUvlty had been 
generated, in situ trtnltrophenylatlbn of tuiihor cells re- 
sulted In a high Incidence of complete regTOsIori of 
Ing tumors. We demonstrated that the: tiimoi^ regression 
was accompanied by the coriciirrent^criisVatloii^of a 
tent tumor-speclflc T cell Immunity. siig^csUng bii the ^ 
above T-T cell coUaboraUon mechanism tos f uhcUonlng 
In this tumor immunotherapy protocol, More Importantly, 
the present study also Investigates. whcthier such an Im- 
munotherapcutlc potential realized in the TNP-helper 

• Abbreviations used In this papen TATA, (umor-assoctated transplan- 
Uilon antigens: TNCB. irtnllrochlorobciuene: MCA. 3-meihyIcholan- 
threne: Cy. cyclophosphamide: CTL, cytotoxic T lymphocyte: l.d.. intra- 
dermal: DTH. dcUyed-type hypersenslUvlty. 
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TABLE i 

-^parison of acqvisttton of tumor specijtc immunity after TNP 
immunotherapy and surgicat resectio n of tumor 

Croi^ 1^1^ loctdtnct of Rntttancc 

— *gtin»l Tu mor Ctulkngr* 

A 
B 



Normal 

After regression of tumor 
by TNP Immunothera- 
py* 

After surgical resection 
of tumor' 



O/IO 
11/12 



2/10 



•Mice were challenged l.d. wuh 10» xiable X5563 tumor cells, and 
Jjddence of resistance was determined 3 weeks after the tumor chal- 
^nge. 

•C3H/He mice whose X5563 tumor regressed In the TNP Immunother- 
to^^'tloT ^ ^"'"''^ ^ '""'^^ 

JC3H>lie mice were Inoculated l.d. with I0« X5563 tumor ceils and 
9^ ng tumors were surgically resected 7 days later. Mice were us«r2 
»k after tumor removai. 

growth of metastasized tumor cells. Thus, the difference 
In Incidence of antl-X5563 Immunity between two groups 
above Indicates more potent ant|.X5563 Immune resist- 
^ce was retained In mice whose tumors regressed by 
virtue of the TNP Immunotherapy. 

The development of stronger anil-X5563 Immune re- 
sistance in regressor mice was also confirmed by com- 
partng the lumor-neutrallzlng activity of spleen cells 
.ram these mice to that of mice whose tumors were 
surgically resected. Winn assay performed with these two 
ptn-"" of spleen cells at a lower spleen to tumor cell ratio 
that appreciably stronger tumor-neutrallzIng ac- 
y ^as generated In the regressor mice by TNP Im- 
nmnotherapy than In the mice that had tumors resected 
*irgically (Table II). 

Additional experiments were performed to test the na- 
3irc and specificity of the effector mechanism acquired 
^ X5563 tumor regressor mice. Winn assays with the 
«c of spleen cells from the regressor mice also demon- 
waicd that these spleen cells resulted In complete neu- 
xallzatlon of X5563 tumor cells when admixed, but failed 
» exhibit IJ tumor neutrallzaUon against X5563 tumor 
L*^^^'^^ ^P^^^" ^"s with anU.Thy.1.2 
*« C (Table III), and 2) tumor neutralization against 
maaier syngeneic tumor MH134 hepatoma (Table IV). 

r^ults indicate the T cell nature and specificity of 
JJWC5563 immunity acquired by the regressor mice m 
^TNP Immunotherapy model. 

'^Application of the TNP Immunotherapeutic protocol 
?an autochthonous tumor system. In the process of 
W^cation of the present tumor-speclfic Immunotherapy 
«>°tJ to a chemical carcinogen-Induced autochthonous 
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tunior system, we extended this TNP Immunotherapy 
model to another transplanuble, chemical carcinogen- 
Induced tumor (MCH-l-Al) system in which the tiunor 
was recently Induced in C3H/He mice by MCA and has 
been maintained in our laboratory (less than 10 passages 
in vtvo). A similar protocol to that performed In the X5563 
tumor system was used and the results are illustrated In 
S^u*; ^^'^ experiment. TNCB inJecUon into the 
MCH-l-Al tumor mass from Cy-TNCB-palntcd mice led 
to a high Incidence of tumor regression, in contrast to the 
lack of tumor regression when In situ TNP modification 
was performed In mice not primed to TNP. Thus this 
TNP Immunotherapy system is also applicable to another 
recently established transplantable, chemical carcino- 
gen-Induced fibrosarcoma tumor system. 

The successful regression of growing tumors In an 
MCA-lnduced transplanuble tumor system by using the 
TNP Immunotherapy regimen encouraged us to test the 
applicability of this Immunotherapy protocol to an MCA- 
Induced autochthonous tumor system. The primary tu- 
mor was Induced In 500 female C3H/HeN mice at 8 wk 
of age by Injecting 0.5 mg MCA In 0.1 ml olive oil subcu- 
taneously. Four weeks after the MCA Inoculation, one 
half of the group of mice received the combined treatment 
of Cy Injection and TNCB painting, which was capable of 
Inducing the amplified TNP-reactlve helper T cell activity 
and the remainder were untreated. The mice began to 
develop a primary, subcuUneous tumor about 8 wk after 
the MCA treatment. At 9 wk after the MCA injection 20 
to 30% of mice In both TNP-helper-poslUve and -negative 
groups bore a tumor In the range of 6 to 9 mm in diameter. 
Histological examination of 10 autochthonous^ tumors 
randomly selected (five mice in each group) revealed that 
all were fibrosarcoma. Mice that did not receive tumor 
excision were collected and each group was randomly 
divided Into two groups depending on whether mice were 
treated with the Intratumoral Injection of 0.15 ml of 1% 
TNCB. Therefore, the experiment consisted of four 
groups: group A: MCA injection only: group B: MCA Injec- 
tlon-^lntratumoral TNCB Injection: group C: MCA InJec- / 
tlon-^he combined treatment of Cy plus TNCB palnUng- 
and group D: MCA Injectlon-^he above combined tr^t- 
ment for priming of potent TNP-hclpcr T cclls-^Intratu- 
moral TNCB Injection. The tumor growth of foiir groups 
of animals is shown in Figure 3. Most tumors in three 
groups of mice (groups A, B and C). except for only one 
animal In group B, conUnucd to grow until the animal 
died, although the growth rate exhibited varied patterns. 
ImportanUy. however, an appreciable number (1 1 of 25) 




Won of tumor by TNP Immunotherapy* 
^ - -al resection of tumor* 

™P immunotherapy 



100:1 
100:1 
100:1 
10:1 
10:1 
10:1 



5.8 ± 1.3 
O.O 
<3.0 

4.6 ± 0.9 
O.O 
O.O 



9:6 ± 1.0 
O.O 
O.O 

9.3 ± 0.9 
O.0 
7.5 ± 0.5 



13.5 ±0.3 

O.0 

O.O 

12.5 ± 1.0 
5.0 ± 1.5 
10.3 ± 1.2 
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X) 20 

Days after TNC8 ejection 

^ '^ru'^ treatment of Cy Injection TNCBpalminT nvTS^S 
TNCB painting, mice uere Inoculated l.d. with ro* »laKcH . A? 
~rfn™^T J^' 'V"" •"P''"«'on 'dentlcal o that in F« u^l 
performed 7 days after tumor cell Inoculation. Tumor erowth was indi«rt 

wmblned treatment for TNP pnmlng^umor cell lnocula.?oi r^^! 

T<*11 hnmunlty was more potent In the tumor-regressed 
than in mice whose tumor was surgically resected, 
ould also be noted that X5563 tumor-spedflc Im- 
^ty. Which had been acquired In tumor^regressTd 
alee, was mediated by antl-X5563-TATA-speclflc Lyt- 
1-2-. but not by L>t.l-2- T cells. Indicating that the 
J^or-speclflc Lyt-r2- T cell population whol geiera- 
«i^rt!"^'"^"**='^^^^™"g'^ collaboration with TNP- 
Sti" prlinamy exhibited a protective effect (T. 
D^«M ; ^"'l T. Hamaoka. manuscript In 

P«paraiIon). Because these Lyt-r2- T cells exhibited no 
Ototoxic effect on X5563 tumor cells In a 4-hr »'Cr- 
itlease assay, further studies are In progress concerning 

tte^echanlsmsofantl-tumor-specIftLyt-rTSf^m^^ 
UMtn eradicating tumor cells In uliw "^"«"nc 
ent^f '"^"<^stlngand Important finding m the pres-^ 

SLinc f J!"" '''^^'^ other tumor- 

^iflcJmmunotherapy experlmentsj Is the demonstra- 
W theappllcabillty of this TNP Immunotherapy p^^ 
wwl to an autochthonous tumor system. This finding is 

S^ce 't,2t"??pT r '--P-"ves. nrs;."?he 
the Sfrt?^ V! '"""""otherapeutic potential allows 
«c taducuon of tumor regression to an appreciable pro- 
^in autochthonousas weUastransplantabletum^^^ 

nS.? ^!;Zlf ^^"'^•^^ ^^"""y °f this TNP im' 
r™°therapy model on the basis of the T-T cell fnf^™^ 

^Ssr^ss';7^^^°"''^ provJeVthrtrcS 

""^ci? " '",^'^PP"«^hes in which skin mallg- 
fo-vT J'^ treated by haptenlc reagents (16). Although 

rs t^T modification of human 

•klnSS^Pr °^ types of clinical tumors such as 
"^raa^ns to be proven why 14 of 25 of the 




Weeks after TNCB injection 
■mmt"«he4^r«^^^^^^^ '"e TNP 

dumber ^ntmurt trr^wT""''''' ~'=''ed a U-mm 
an-n-l. Po7C"ur rhV.^,t!sS^«orJ„tr^^^^^^^^^^ 
TABLE V 



Croup 


Trutmcnt 


Inctdcnceof 


Mean Sumvml 

Time 
(weeks t SO 


TNP-Th TNCB 
Induction tn)ectlon 


Tumor 
RegrtsAton 


A 
B 
C 
D 




0/20 
1/20 
0/20 
n/25 


13.00^0.75 
U.32±0.55 
13.60 ±0.58 
12.90 ±0.68 



No. 
DcjdMlcc 



20 
19 
20 
14 



and exDi*M«i '"Jecuon oi TNCB Into autochthonous tumor 

ana expressed by mean survival Ume of dead mice at this stage. 

been assumed that most of tumors bear TATA {17 181 
he qualitative diversity and quantitative heterogeneity 
n the expression of each putative TATA on an autoch- 
thonous tumor cell has not been well determined. Further 
experiments are therefore required to determine whether 
the tumor-speclfic Immunity Is In fact acquired In mice 
whose autochthonous tumor has regressed and how pu- 
tative TATA In each Individual autochthonous tumor 
qualiiatlyely varies, and to Investigate the relationship 
between the Immunogenlclty of the autochthonous tumor 
and the prognosis of the tumor-speclflc Immunotherapy. 
Such approaches are In progress by challenging the au- 
locnuionous tumor cells obtainrd. hv 
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Reccssdy.we .have demonfitrated -the induction of allogeneic- 
^ imiriT^ cytolytic T lymphocytes (CTL)^ using purified plasma 
onembranes rather than intact cells as stimulatory agents (1). 
In thk Import we extend the use of such subcellular preparations 
to stady the requirements for hapten-specific syngeneic CTL 
inductioD. M^'^^hrnn ^T prepared firom trinitrophenyi (TNP) 
^oupfe d »yngeneic tumor ccUs retain the^&bili^ to stimulate 
both-* primary and secondary CTL response. The CTL that 
are generated are restricted in their lysis to target cells bearing 
the g*^r^ H-2 antigens as those present on the TNP-coupled 
stimulxxing membranes. 

MATERIALS AND METHODS 

An materials and methods used in the in vitro induction and 
assay of TNP specific CTL are as previously described (2). 
Briefiv^ 7 X 10* spleen cellsA pm noninmiuiie or immune mice 
were co-cultured with x-irradiated. TNP-coupled spleen cells or 
TNP-coupled membranes. After 5 days of culture cells were 
harvested and cytolytic activity was assessed in a 4-hr assay 
agaiuc 10* •'Cr-labeled TNP-coupled tumor targets or LPS 
blast targets. Immune spleen cells were obtained by priming 
mice Mbcutaneously with 2 x 10' TNP-coupled autologous 
spleen ceOs 2 weeks before in vitro culture. Membranes used in 
stimulxnoo of CTL were prepared from TNP coupled DBA/2 
mastocytoma P815 (H-2**) tumor cells or from TNP-coupled 
C57BL/6 (B6) leukemia EL-4 (H-2**) tumor cells. Purged 
plaszna membranes were used for CTL induction in the exper- 
iment described in Table L The results presented in Tables 11 
and in were obtained by using partially purified plasma mem- 
branes referred to as ''high speed pellet" in Reference 1. Spon- 
taneoas '^Cr release ranged from 30 to 39% for LPS-induced 
blast ceD targets and from 11 to 19% for tumor cell targets. 
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RESULTS 

Plasma membranes prepared from TNP-modified tumor cells 
were tested for their ability to stimulate both primary and 
secondary CTL responses by using H-2 syngeneic responder 
cells. As demonstrated in Tables I and 0, such membranes 
were active in the stimulation of primary and secondary hapten 
specific CTL CTTL generated by coupled membranes are similar 
in specificity to those generated by coupled cells in that they 
preferentially lyse syngeneic target cells (2-4). These mem- 
branes stimulated variable amounts of cross-reactive lysis on 
TNP coupled allogeneic target cells. B6 spleen ceUs stimulated 
with TNP-ELr4 membranes did not lyse targets that did not 
bear TNP. Lytic activity was not induced when B6 spleen cells 
were co-cultured with uncoupled EL-4 membranes. 

It has been recently demonstrated (5, 6) that cells incubated 
with TNP-coupled proteins are capable of stimulating a hapten- 
specific cytolytic response that is restricted to target cells that 
are H-2 identical with the responder cell population. Therefore, 
it was important to determine if stimulation by the membranes 
was dependent on the H-2 antigen present on the membrane, 
or whether the membrane proteins were simply contributing 
the hapten that was then recognised in conjunction with the H- 
2 antigens of the responder cell population. B6D2Fi (H-2**''**) 
immune spleen cells were stimulated with either TNP-EL-4 
membranes or TNP-P815 membranes and the specificity of the 
resultant CTTL was studied. It would be expected that if the H- 
2 present on the membranes did not influence the specificity of 
the CTU then in either case the CTL would lyse both B5-TNP 
(H-2**) and B10.D2-TNP (H-2*') targets to a similar extent As 
is shown in Table III the CTL preferentially lyse target cells 
that bear the same H-2 antigens as the TNP-membranes used 
in CTL stimulation. Similar specificity was obtained with (TTL 
resulting from stimulation of noninmiune B6D2Fi spleen cells 
(Table II). These results indicate that both the TNP and the 
H-2 antigens present on the membranes determine the specific- 
ity of the CnX. population. 

DISCUSSION 

The results described above extend the use of subcellular 
material to the study of CTL recognition in a chemically 
modified syngeneic system. The results demonstrate the capac- 
ity of membranes prepared from TNP-modified tumor cells to 
induce primary and secondary CTL having the BKO^ tpeaGaiy 
as CTL that are induced by TNP-coupled celIa.;SN ^ 
stimulate B6D2Fi CTL that are restricted in airfr;JW»<nrtK)n 
to the H.2 antigens present on the stimuta^:^*"****'*^ 
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TABLE I 

Specificity of secondary (BALB/c X DBA/2}Fi (H 2^) CTL 
stimulated by TNP-coupled membranes 







% Specific 


'*Cr Releue 




StimuUtor' 


P815-TNP (H-2*> 


Et-i-TNP 




25/1* 


12.5/1 


25/1 


12.5/1 


Experiment I 












19 


9 






\£'fi^ tucmurttiiva 


32 


19 








AA 


24 






72-fig membranes 


59 


38 






Experiment 2 












31 


19 


19 


12 


BALB/c-TNP cells 


83 


61 


40 


14 


3-/ig membranes 


31 


16 


13 


8 


10-^ membranes 


41 


19 


17 


11 


30*^ membranes 


63 


40 


22 


14 



• Membranes used for this experiment were purified plasma mem- 
branes obtained from TNP-coupled P815 tumor cells (1). 

• Effector to target ratio. 

TABLE n 

Induction of primary (C57BL/6 X DBA/2)Fx (H^^'") CTL by TNP- 
coupled membranes 



% Specific "Cr Release* 



Stimulator* 



B6-TNP (H-2^ 



B10.D2-TNP 





7 


7 


B6-TNP cells 


64 


34 


24-p^ membranes 


28 


12 


7&-ptg membranes 


33 


6 


150-;ig membranes 


38 


6 



• Membranes used in this experiment were partially purified from 
TNP-coupled EL-4 tumor cells (H-2*'). 

* E£fector to target ratio is 50:1. Target cells were LPS-stimulated 
blast cells. 

TABLE in 

Specificity of TNP-membrane-induced CTL 

% Specific "Cr Release 
Targets* 



Responder 



Stimulator 



B6-TNP 



B10.D2- 
TNP (H-2*) 



Primed B6D2F, (H- 




6 


9 












75 /ig EL-4-TNP 


29 


10 




membranes 








84 pig P815-TNP 


16 


32 




membranes 








t requirement for direct haptenizatioQ of H*2 to stimu 
it is clear that TNP-membranes are antigenically 
TNP-cells rather than TNP-proteins, 

It is also of interest to consider these results as they addt^ 
the mechanism of CTL stimulatioji by subcellular niateticliaa. 
The possibility exists that stimuISEion of CTL by subcrfiiij^^ 
preparations occurs via presentation of antigen by intact ^^^^ 
present in the cultures (e.g., macrophages) rather than by direct 
interaction between the membrane vesicle and pre*CTL. It ]». 
clear that if indeed material must be presented by viable cells 
to be antigenic, these cells do not determine the specificity of 
the resulting CTL. 

Ozata and Henney (6) have reported that membranes from 
TNP-coupled spleen cells failed to induce a secondary syngeneic 
CTL response whereas the results shown in Tables I and II of 
this report clearly show that membranes from TNP-coupled^* 
tumor cells can induce a specific secondary response. TTiiBr'^ 
discrepancy might be accounted for by the difference in oe!l 
type used as a membrane source. 

The ability to stimulate CTL with TNP-modified membranes 
opens the possibility that we will be able to isolate, in a soluble 
form, TNP-modified membrane proteins that retain, biologic: f. 
activity (Le., the ability to induce CTL) (8). One could thcav: 
determine whether an effective immunogen is created by TNPr^~ 
modified non-MHC proteins that interact with H-2, or whether^: 
direct chemical modification of H-2 antigens creates the im- 
munogen, or whether both possibilities erist. 

SUMMARY 

Evidence is presented that trinitrophenyl-coupled tumor 
membranes are able to induce cytolytic T lymphocytes (CTL) 
when co-cultured with syngeneicspleen cells. These haptenated 
membranes stimulate spleen celRfrom naive and immune mice. 
The specificity of these CTL i^termined by the H-2 antigens 
of the membranes used for stimijdation. 



• Effector to target ratio was 50:1. Targets were LPS-stimulated blast 
ceUs, 

preparations indicates that induction results from recognition 
of both the H-2 and the hapten on the membranes and not from 
haptenated protein(s) from the membranes that associate with 
the responder cells. In this regard, TNP membranes are similar 
in their inductive capacity to TNP cells. It has been previously 
reported that H-2 antigens need not be directly haptenated in 
order to obtain a CTL response. Recent experiments that have 
utilized TNP-coupled serum proteins to stimulate TNP-specific 
CTL have argued against the contention by Forman et oL (7) 
that only TNP present on H-2 is antigenically active. Although 
the experiments described above do ^ot address the question of 
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